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Thermal preservation of gaseous precursor filled compositions 


(57) The present invention describes, among other 
things, the surprising discovery that gaseous precursor 
filled compositions are profoundly more effective as 
acoustically active contrast agents when they are ther- 
mally preactivated to temperatures at or above the boil- 


ing point of the instilled gaseous precursor pr or to their 
m vivo administration to a patient. Further optimization 
cf contrast enhancement is achieved by administering 
the gaseous precursor filled compositions to a patient 
as an infusion. Enhanced effectiveness ,s also achievec 
for ultrasound mediated targeting and drug delivery. 
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Description 

Field of the Invention 

5 [0001] The present invention descnoes. among other things.. the surprising discovery that gaseous precursor fiHec 
compositions are profoundly more effective as accustically active contrast agents when the compositions are thermally 
preactivated to temperatures at or above the boiling point of the instilled gaseous precursor pr;or to their in vivo ad- 
ministration to a patient. Further optimization of contrast enhancement is achieved by adminstenng the gaseous pre* 
cursor fiilec compositions to a patient as an infusion. Ennanced effectiveness is also achieved for ultrasound mediatec 

• 0 targeting ana drug delivery 

Background of the Invention 

[0002] Previously, gaseous precursor filled contrast agents had limited effectiveness because high doses of gaseous 
'5 precursor materials were required to be intravascular^ niected irto a patient to produce contrast enhancement Even 
alter IV injection into a patient, not ail of the gaseous precursor materials converted into stable gaseous vesicles 
Gaseous precursor materials that did not convert to a gas were much less effective as a contrast agent. Somcaticn 
agitation and hypobaric activation were developeo to activate gaseous precursor filled contrast agents: however, these 
methocs were incompletely effective and ineffective for sustained infusions of the contrast agents. 
zo [0003] More effective methods of converting gaseous precursor materials to a gas are necessary to overcome the 
proDlerns associated with the pror art The invention is directed to these, as well as other, important ends. 

Summary of the Invention 

25 [0004] The present invention descnbes methods of providing images of regions of a patient comprising heating a 
composition comprising a gaseous precursor to a temperature at or above the boiling point of the gaseous precursor 
administering the composition to the patient: and scanning the patient using diagnostic imaging to obtain visit le images 
of regions of the patient. Preferably, the gaseous precursor s a fluorinated compound. !f desired, the composition may 
be administered to the patient as an infusion. The compositions may comprise a wide variety of additional components 

so including, for example, one or more of gases, gaseous precursors liquids, oils, stabilizing materials, diagnostic agen;s. 
targeting ligands and/or bioactive agents. 

[0005] The present invention also descnbes methods of diagnosing the presence of diseased tissues in a patient 
comprising heating a composition comprising a gaseous precursor to a temperature at or above the boiling point of 
the gaseous precursor: administering the composition tc the patient; and scanning the patient using diagnostic imaging 
■JS to cbtam visible images of any diseased tissues in the patient. Preferably, the gaseous precursor is a fluormatec com- 
pound. If desired, the comoosition may be .administered to :he patient as an infusion. The composition may comprise 
a wide variety of additional components, including, for example, one or more of gases, gaseous precursors, liquids, 
oils stabilizing materials, diagnostic agents, targeting ligands and/or bioactrve agents. 

[0006] The present invention also describes methods of delivering bioactive agents to a patient comprising heating 
J <? a composition comprising a bioactive agent and a gaseous precursor to a temperature at or above the boiling point of 
the gaseous precursor and administering the composition to the patient. K desired, the methods may further comprise 
imaging the patient to monitor the location of the composition and/or conducting ultrasound imaging on the patient tc 
facilitate delivery of the bioactive agents. Preferably, the gaseous precursor is a ftuonnated compound. The composition 
may be administered to the patient as an infusion. «f desired. The composition may comprise a wide variety of additional 
-5 components, including, for example, one or more of gases, gaseous precursors, liquids, oils, stabilizing materials, 
diagnostic agents, targeting ligands and/or bioactive agents. 

[0007] These and other aspects of the invention will become more apparent from the following detailed description. 
Detailed Description of the Invention 

50 

[0008] As employed above and throughout the disclosure, the following terms, unless otherwise indicated, shall be 
understood to have the following meanings. 

[0009] "Lipid" refers to a naturally-occurring, synthetic or semi-synthetic (i e.. modified natural) compound which is 
ger eraily amphipathic. The lipids typically comprise a hydrophihc component and a hydrophobic component. Exemplary 
55 lipids include, for example, fatty acids, neutral fats, fluorinated lipids, phosphatides, oils, fluorinated oils, glyccliptds. 
surface active agents (surfactants and fluorcsurfactants). aliphatic alcohols waxes, terpenes and steroids. The phrase 
semi-synthetic (or mooified natural) denotes a natural compound that has oeen chemically modified m some fashion. 
[0010] "Surfactant" refers to a surface active agent, which is a comoound that alters surface tension Surface active 
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55 


agents include, tor example detergents, wetting agents and emuis.fiers. "Fluorosurfactanf refers tc a su-facian, r 
wh.eh at least one hydrogen atom of tne surfactant ,s replaced w.th a fiuorne atom 

[0011] "Polymer- or "polymeric" refers to molecules formed from the chem.cal un.on of two or more repeating ur ,- s 

To ^™:;^^r ng or sem,synthetic in a ° referrea form » 

Ees lr^de n d «Z ^7^'°"" ^T^ 9 ard P referaol V ccn.-fng assembly of. cam.no ac.ds n pep llde 
hnkages. ircluaed *, h:n the term "proton" are globular prote.ns such as album.ns. globulins and h.slones and f-brous 

ZZnxT^ I 9 "?' e,aSt ' nS " d kera, ' nS Al5 ° ,OC,Uded W ' ,h,n th9 tSrm "' r ° te,n * ™ compound oro e ns 
Tna TJulZ:* * ,S UnUed W ' lh 3 P ° nPr0tein rn0,aC ' J,S SUCh 35 ^tooprctein. mucoprote ns i.poprote.ns 

ana metalloprotems Tne prote.ns may be naturally-occurnnq synthetic or semisynthetic 

[0013] -Arrph.ph.lic mo.ety- or "amphrph.le" refers to a synthet.c. semisynthetic (modified natural) or natura-ty-c- 
ZTZT 90 aVm9 3 water - SO,ub,e ^ a water-insoluble, hydroohoo.c pcri.on PrefeVec 

amph.ph.hc compounds are charactenzed by a oo.ar .end .roup for example, a phosphatidylcholine group ard one 
SZTh^hT for example, palm-ay, .roups -Fluonnated amph.ph.lic mo.ety refers to a am 
ph.phil.c compound .n wh.ch at least one hydrogen atom of ,he amphoh.lic compound is reofaced w..h a fluorine atom 
efL^^h °hT fiU ° f,nated compounds are polyf.uorinated. "Pcfyf.uonnated amph.ph-lic mo.ety" 

refers to amph.ph.l.c compounds wh.ch contain two or more fluor.ne atoms "Perfluonnated ampn.ph.hc mo.ety" refe s 
to ampn.ph.hc compounds in which a.i the hydrogen a:oms have been replaced with a fluorine atom "Amphipathv- 

Z Z °rw? 5 !: Ult r eOUS atlraCt ' 0n fepU,S,0n ,P a S,ng,e m ° leCy,e °' i0n ^"ing one or To7e gTps 'Tno 
an aff.ri.iy for the phase or med.um in wh.cn they are d.ssolved. emuls.fied anc/or suspended together wUh one or 
more groups that tend to be expelled from the .nvolved phase or medium 

h«n2 H Ve hf e " ' eferS t0 ^ entitV Wh ' Ch ' S 96nera,ly cnaracter,Z( * ^ the presence of one or more walls or mem- 
suth asa iori T 7°" ' nt6rnaI ^ V6S,C:6S ™ y bo for ™ la <^ '<» example, from a staoilizmg mater.a. 
It L ! h P ' nCI 9 9 Van0US liP ' dS d9SCnDeci here,n a Prote t naceous material, .nctuding the various prote.ns 

also be ?orlZl^T 3 P °TT C mai9na ' ,nC,Udin9 me Van0US p0lymenC materia,S ^scr-hed here.n. Vesicles may 
nT2l t0m T fr ° m carbohvc,ra "*- surfactants, and other stabilizing matenals. as des.red. The lipids prote.ns 
^ r ' surtactaflts an^or other ves.cle forming stabilizing materials may be natural, synthetic or sem,syn:hetc 
Preferred ves.c.es are those wh.ch comprise wails or membranes formulated from lipids. The walls or membranes m-y 
be concentnc or otherwise. The stabilizing compounds may be in the form of one or more monolayers or b.layprs lr 
TJTJ ^ mon °' ayer or ™ a * er the ^no'ayers or bilayers may be concentric. Stabilizing compounds 

may be used to form a un.lamellar vesicle (comprised of one monolayer or bilayer). an oligolamellar vesicle (comorisec 
Innl o W ° ° r * a . Trl m ° nClayerS 0r b " a * ers) °< a nultrtameiiar ves.cle (comprised of more than about three 
monolayers or b.layors). The walls or membranes of ves.cles may bo substantially solid (un.form,. or they may be 
porous or sem.-porous. The vesicles desenbed here.n .ncude such entities commonly referred to as for examp e 
liposomes, nacelles, bubbles, m.crobubbles. microspheres lipe -coated bubbles. polymer<oated bubbles prote.n- 
eoated ouboles. nanospheres. microballoons. m.crocapsuies. aerogels, clathrate bound ves.cles. hexagonal H ll ohase 
structures cochleates and the like The internal vo.d of the ves.cles may be filled w.th a w,de var.ety of matenals 
includ.ng. for example, water, oil. gases, gaseous precursors hqu.ds. fluorinated liqu.ds. liquid perfluorocarbons iiqu.c 
hgand°7^ b.oactive agents. ,f des.red. and'or other materals. The vesicles may also compr.se a targeting 

[001 SI -Uposorne- refers to a generally spher.cal or sphercdal cluster or aggregate of amph.path.c compounds 
including l.pd compounds, typically in the form of one or more concentric layers, for example, b.layers They may also 
be re erred to here.n as lipid vesicles. The liposomes may be formulated, for example, from ionic lip.ds and/or non- 
<cn.c hp.ds. Liposomes formulated from non-ion* lipids may be referred to as n.osomes Liposomes formulated at 
least .n part, rrom ionic lipids may be referred to as cocnieates. 

(0016] -Micelle' refers to colloidal ent.ties formulated from lipids. In preferred embodiments, the micelles compr.se 
a monolayer, bilayer. or hexagonal H II phase structure 

[0017] "Aerogel" refers to generally spherical or spheroidal entities which are charactenzed by a plurality of small 
internal vo.ds. The aerogels may be formulated from synthetic materials {for example, a foam prepared from baking 
resorcnol and formaldehyde), as well as natural materials, such as carbohydrates (polysaccharides) or prote.ns 
0018] -Clathrate" refers to a solid, semi-porous or porous particle wh.ch may be associated with vesicles In a pre- 
ferred form, the clathrates may form a cage-like structure containing cavities which comorise one or more vesicas 
bound to the clathrate. if des.red. A stabilizing material may. .1 desired, be associated with the clathrate to promote the 
assoc.at.on of the vesicle with the clathrate. Clathrates may be formulated from, for example, porous apatites such 
as caleum hydroxyapatite. and precipitates of polymers and metal ions, such as aign.c acid prec.p.tated with calcium 
salts. 

[0019] A -fluonnated compound' refers to a compound that contains at least one fluorine atom More preferably the 
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flucnnated compound s a "polyfluormated compound." which refers to a compound ".hat contains at least two fluorine 
atoms. Even more preferably, the fluonnated compound ts "perfiuonnated." which means fully fluonnated. sucn as a 
compound where ail hydrogen atoms have been replaced fcy fluorine atoms. The fluonnated compourd may be m the 
form of a gas or a liquid (including a gaseous precursor) Preferably, the liquid is a gaseous precursor that can convert 

3 to a gas A variety of fluorinated compounds may be employed tn this invention. Where the fluortnatec compound is a 
carbon based comoound. "he fluorinated compound preferably contains from l to about 30 carbon atoms, more pref- 
eraoly * to about 24 carbon atoms even more preferably 1 -o abcut 12 carbon atoms, still even mora preferably about 
5 to about 1 2 carben atoms, and most preferably about 6 to about 10 carbon atoms. Thus, the number of carbon ato.is 
tn the fluonnated compound may be 1. 2. 3. 4. 5. 6. 7 3 9 10 11 12. 13. 14. 1 5. 1 6. 17 13-19. 20. 21 22. 23 24 

'0 carbon atoms, anc upwards. Alternatively, the fluorinated compound may be a sulfur or selenium based fluornatec 
compound, such as sulfur hexafluonde or selenium hexafluonde The flucnnated compound may also, for exampe 
have carbon atoms interrupted by one or more hete'OHtoms such as -O- bonds (as m ether compounds) or have other 
substituents such as amines. Preferred fluorinated comoounds of the present invention are fluonnated organic com- 
pounds, more preferably, perfluorocaroons and perftuoroethors 

is [0020] "Gas filled vesicle' refers to a vesicle havino a q^s encapsulated therein. " 3aseous precursor fiiled vesicle" 
refers to a vesicle having a gaseous precursor encaasulated iherein. The vesicles may be minimally, partially, sub- 
stantially, or completely filled with the gas and/cr gaseous precursor. The term "substantially" as used m reference tc 
the gas and/or gaseous precursor filled vesicles means that greater than about 30% of the internal void cl the sub- 
stantially filled vesicles comprises a gas and/or gaseous precursor Preferably, greater than about 40% of the internal 

20 void of the substantially filled vesicles comprises a gas and/or gaseous precursor with greater than about 50% being 
more preferred. Mere preferably, greater than about 60% of the internal void of the substantially filled vesicles comprises 
a gas and/cr gaseous precursor, with greater than about 70% or about 75% being more preferred. Even more preferably, 
greater than about 30% of the internal void of the substantially filled vesicles comprises a gas and/or gaseous precursor, 
with greater than about 85% or about 90% being still more preferred. In particularly preferred embodiments, greater 

25 than about 95% of the internal void of the vesicles comprises a gas and/or gaseous precursor, with about 100% being 
especially preferred. Alternatively the vesicles may contain no or substantially no gas or gaseous precursor 
[0021] "Emulsion" refers to a mixture of two or more generally immiscible liquids, and is -generally in the form of a 
colloid. The mixture may be of lipids, for example which may be homogeneously or heterogeneously disoersed through- 
out the emulsion Alternatively, the lipids may be aggregated in the form of. for example, clusters or layeis. including 

J0 monolayers or bilayers. 

[0022] "Suspension" or "dispersion" refers to a mixture, preferaoly finery divided, of two or more phases (solid, liquic 
or gas), such as. for example, liquid in liquid, solid in solid, gas in liquid, and the like which preferably can remain stable 
for extended periods of time 

[0023] "Hexagonal H II phase structure" refers to a generally tubular aggregation of ! ipids m liquid media, for cxamp:o. 
aqueous media, m which the hydrophilic portion(s) of :he lipids generally face inwardly in association with an aqueo js 
liquid environment inside the tube. The hydrophobic portion! s) of the lioids generally radiate outwardly and the complex 
assumes the shape of a hexagonal tube. A plurality of tubes is generally packed together in the hexagonal Dhase 
structure 

[0024] "Patient" refers to animals, including mammals, preferably humans 

jo [0025] "Region of a patient" refers to a particular area or portion of the patient and in some instances to regions 
throughout the entire patient. Exemplary of such regions are -.he pulmonary region, the gastrointestinal region, the 
cardiovascular region (including myocardial tissue), the renal region as well as other booify regions, tissues, lym- 
phocytes, receptors, organs and the like, including the vasculature and circulatory system, and as well as diseased 
tissue, including cancerous tissue. "Region of a patient" includes, for example, regions to be imaged with diagnostic 

J 5 imaging, regions to be treated with a bioactive agent, regions to be targeted for the delivery of a bioactive agent, and 
regions of elevated temperature. The "region of a patient" is preferably internal, although it may be external. The phrase 
"vasculature" denotes blood vessels (including arteries, veins and the like). The phrase "gastrointestinal region" in- 
cludes the region defined by the esophagus, stomach, small and large intestines, and rectum. The phrase "renal region* 
denotes the region defined by the kidney and the vasculature that leads directfy to and from the kidney, and includes 

so the abdominal aorta. "Region to be targeted" or "targeted region" refer to a region of a patient where delivery of a 
bioactive agent is desired. "Region to be imaged" or 'imaging region" denotes a region of a patient where diagnostic 
imaging is desired. 

[0026] "Delivery vehicle" or "vehicle" refers to a composition, substance or material that can transport or carry in vr/c 
or in vitro a bioactive agent. Suitable delivery vehicles include, for example, stabilizing materials, vesicles liposomes. 
55 micelles, aerogels, clathrates. gas filled vesicles, gaseous orecursor filled vesicles, gas and gaseous precursor fillec 
vesicles, gas and liquid tilled vesicles, gaseous precursor and liquid tilled vesicles, gas. gaseous precursor and liquic 
filled vesicles, emulsions, suspensions, dispersions, hexagonal M n phase structures, cochleates and the like 
[0027] "Bioactive agent" refers to a substance which may be used in connection with An application that is therapeutic 
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or diagnostic such as. for example, m methods fcr diagnosing :he presence or absence ol a disease .n a pat.er> - r a, 
or methods for the treatment of a disease in a patient. '9ioactive agent" refers to suostances which are capable ol 
exerting a oiological effect in vitro and/or m vivo. The bioactive agents may be neutral positively or negatively cn-ar-ed 
Suitable bioactive agents include, for example, prodrugs, diagnostic agents, theraoeutic agents, pharmaceutics'' 
agents, drugs, oxygen delivery agents, blood substitutes synthetic organic molecules, proteins, peptides, vitamins 
steroids steroid analogs and genetic material, including nucleosides, nucleotides and polynucleotides 
[0028] "Diagnostic agent" refers to any substance which may be used in connection with methods for imag;ng ar 
internal region of a patient and/or diagnosing the presence or absence of a disease or diseased tissue n a oatisnt 
Diagnostic agents .nclude. for example, contrast agents lor use m connection with ultrasound imaging, magnet c res- 
onance imaging (MRI ). nuclear magnetic resonance i\MR) computed tomography (CT) electron 3pm resonance 
(ESR). nuclear medical imaging, optical imaging elastography radtofrequency (RF). microwave laser and the like 
Diagnostic agents may also include any other agents useful m facilitating diagnosis of a disease or other condition ir 
a patient, whether or not imaging methodology s employed 

[0029] "Therapeutic agent." "pharmaceutical agent" or "drug' refers :o any therapeutic or prophylactic acent which 
may be used in the treatment (including the prevention dincnosis alleviation, or cure) of a malady, affliction'coniiticn 
disease or injury m a patient. Therapeutically useful peptides polypeptides and polynucleotides may be included wuhir 
the meaning of the term pharmaceutical or drug. 

[0030] "Targeting ligand" refers to any material or suostance which may promote targeting cf tissues and/or receptors 
m vivo and/or in vitro with the compositions of the present invention. The targeting ligand may be synthetic, semi- 
synthetic, or naturally-occurring. Materials or substances which may serve as targeting ligands include, for example, 
proteins, including antibodies, antibody fragments, hormones, hormore analogues, glycoproteins and lectins peptides, 
polypeptides, ammo actds. sugars, saccharides, including monosaccharides and polysaccharides, carbohydrates, vi- 
tamins, steroids, steroid analogs, hormones, cofactors. and genetic material, including nucleosides, nucleotides, nu- 
cleotide acid constructs and polynucleotides. A "precursor' to a targeting ligand refers to any material or .substance 
which may be converted to a targeting ligand. Such conversion may involve, for example, anchoring a precursor to a 
targeting ligand. Exemplary targeting precursor moieties include maleimide groups, aisulfide groups, such as ortho- 
pyridyl disulfide, vinylsulfone groups, aztde groups, and c/.-iodo acetyl groups. 

[003 1 ] "Genetic material" refers generally :o nucleotides and polynucleotides, including deoxyribonucleic acid DN a; 
and ribonucleic acid (RNA). The genetic material may be made by synthetic chemical methodology known to one of 
ordinary skill in the art. or by the use of recombinant technology, or by a combination thereof. The ONA and RNA may 
optionally comprise unnatural nucleotides and may be single or double stranded, "Genetic material' also refers to 
sense and anti-sense DNA and RNA. that is. a nucleotide sequence which is complementary to a specific sequence 
of nucleotides in DNA and/or RNA. 

[0032] "Stabilizing material" or 'stabilizing compound" refers :o any matorial which can improve the stability of com- 
positions containing the gases, gaseous precursors, hqutds. targeting ligands and/or other bioactive agents describee 
herein, including for example, mixtures, suspensions, emulsions, dispersions vesicles, or :he like. Encompassed ir 
the definition of "stabilizing material" are certain of the present bioactive agents. The improved stability involves, for 
example the maintenance of a relatively balanced condition and may be exemplified, for example by increased re- 
sistance of the composition against destruction, decomposition, degradation, and the like. In the case of preferrec 
embodiments involving vesicles filled with gases, gaseous precursors. Squids, targeting ligands and/or bioactive 
agents, the stabilizing compounds may serve to either form the vesices or stabilize the vesicles, in either way serving 
to minimize or substantially (including completely) prevent the escape' of gases, gaseous precursors and/or bioactive 
agents from the vesicles until release is desired. The term "substantially,' as used in the context of preventing escape 
of gases, gaseous precursors and/or bioactive agents from the vesicles, means greater than about 50% is maintained 
entrapped in the vesicles until release is desired, and preferably greater than about 60%. more preferably greater than 
about 70%. even more preferably greater than about 80% or about 35%. still even more preferably greater man about 
90% is maintained entrapped in the vesicles until release is desired. In particularly preferred embodiments, greater 
than about 95% of the gases, gaseous precursors and/or bioactive agents are maintained entrapped until release is 
desired. The gases, gaseous precursors, liquids and/or bioactive agents may also be completely maintained entrapped 
(1 e.. about 100% is maintained entrapped), until release is desired. Exemplary stabilizing materials include, for exam- 
ple, lipids, proteins, polymers, carbohydrates and surfactants. The resulting mixture, suspension, emulsion or the li<e 
may comprise walls (i.e.. films, membranes and the like) around the bioactive agent, gases and/or gaseous precursors, 
or may be substantially devoid of walls or membranes, if desired. The stabilizing may. if desired, form droplets The 
stabilizing material may also comprise salts and/or sugars. In certain embodiments, the stabilizing materials may be 
substantially (including completely) cross-linked. The stabilizing material may be neutral, positively or negatively 
charged. 

[0033] "Droplet" refers to a spherical or spheroidal entity which may be substantially liquid or which may comprise 
liquid and solid, solid and gas. 'iquid and gas. or liquid, solid and gas. Solid materials within a droplet may be lor 


SNSOOCIO: <£P_0901 790*1 J_> 


5 


EP0 901 793 A1 


example, particles, polymers, lipids, p.'oiems. or surfactants 

[00341 "Cross-link.- -cross-linked- and "cross-finking" generally refer to the linking of two or more stabilizing materials 
including lipid, protein, polymer carbohydrate surfactant stabilizing materials ano/or bioactive agents, by one ore mere 
bncges. The bridges may be composed of one or more elements, groups, or compounds, and generally serve to <otr 
an atom from a first stabilizing material molecule ;o an atom of a second stabilizing material molecule. The cross-Uk 
bncges may involve covalent ano/or -lon-covalem associations. Any of a variety of elements, groups, and/or com- 
pounds may forrrune bridges m the cross-links, and the stabilizing materials may be cross-linked naturally or through 
synthetic means, hor example. cross-lin<mg may occur m nature <n material formulated from peptide chains which are 
joined by disulfide bonds of cystine residues as in keratins, nsuhns and other proteins. Alternatively. cross-linking may 
be effected by suitable chemical modification, such as ror example by combining a compound such as a stabilizing 
material, and a chemical substance that may serve as a cross-linking =*gent which may cause to react oy. for example 
exposure to heat, high-energy radiation ultrasonic r.^dRtion and the like Examples include cross-linking by sulfur tc 
form disulfide linkages, cross-linking using organic peroxides cross-linking of unsaturated materials oy means of hign- 
energy radiation, cross-linking with dimethylo! carbamate nnd the like, tf desired, tne stabilizing conpourds and.or 
bioactive agents may be substantially cross-linked The term "s Jbstantially" means that greater than aoout 50% of the 
stabilizing compounds contain cross-linking bridges If desired greater ;han about 60°'c. 70%. 50%. 90%. 95% or ever 
100% of the stabilizing compounds contain sucn cross-imk.ng brdges. Alternatively, the stabilizing materials may be 
non -cross-linked, i.e.. such that greater than about 50% of the staoihzing compounds are devoid of cross-linking bridg- 
es, ana if desired, greater than about 60% 70%. 30%. 90%. 95% or even 100% of the stabilizing compounds are 
devoid of cross-linking bridges. 

[003S] "Vesicle stability" refers to the ability of vesicles to retain the gas. gaseous precursor and/or other bioactive 
agents entrapped therein after being exposed, for about one minute, to a pressure of about 100 millimeters (mm) of 
mercury (Hg). Vesicle stability is measured in percent (%». this being the fraction of the amount of gas which is originally 
entrapped in the vesicle and which is retained after release of the pressure. Vesicle staoiKry also includes "vesicle 
resilience" which is the ability of a vesicle to return to its original size after release of the pressure. 
[0036] "Covalent association" refers to an mtermoiecular association or bond which involves the sharing of electrons 
in the bonding orbitals of two atoms. 

[0037] "Non-covalent association" refers to intermolecular interaction among two or more separate molecules which 
does not involve a covalent oond. Intermolecular interaction is dependent upon a variety of factors, including, for ex- 
ample, the polarity of the involved molecules, and the charge (positive or negative), if any. of the involvec molecuies" 
Non-covalent associations include ionic interactions, electrostatic interactions, dipole-dipole interactions, van der 
Waal's forces, and combinations thereof. 

[0038] "Ionic interaction" or "electrostatic interaction" refers to intermolecular interaction among two or more mole- 
cules, each cf which is positively or negatively charged. Thus, for example, "ionic interaction" or "electrostatic interac- 
tion" refers to the attraction between a first, positively cnarged molecule and a second, negatively charged molecule 
Ionic or electrostatic interactions include, for example, the attraction between a negatively charged bioactive agent, 
for example, genetic material, and a positively charged lipid for example, a catbnic lipid, such as lauryltrtmethylam- 
monium bromide. 

[0039] "Dipole-dipole interaction" refers generally to the attraction which can occur among two or more polar mole- 
cules. Thus, "dipole-dipole interaction" refers to the attraction of the uncharged, partial positive end of a first polar 
molecule, commonly designated as 6+. to the uncharged, partial negative end of a second polar molecule, commonly 
designated as 5\ Dipole-dipole interactions are exemplified by the attraction between the electropositive head group, 
for example, the choline head group, of phosphatidylcholine and an electronegative atom, for example, a heteroatom. 
such as oxygen, nitrogen or sulphur, which is present in a stabilizing material, such as a polysaccharide. "Dipole-dipcte 
interaction" also refers to intermolecular hydrogen bonding in which a hydrogen atom serves as a bridge between 
electronegative atoms on separate molecules and in which a hydrogen atom is held to a first molecule by a covalent 
bond and to a second molecule by electrostatic forces. 

[0040] "Van der Waal's forces' refers to the attractive forces between non-polar molecules that are accounted for by 
quantum mechanics. Van der Waal's forces are generally associated with momentary dipole moments which are in- 
duced by neighboring molecules and 'which involve changes in electron distribution. 

[0041] "Hydrogen bond" refers to an attractive force, or bridge, which may occur oetween a hydrogen atom which 
is bonded covalently to an electronegative atom, for example, oxygen, sulfur, or nitrogen, and another electronegative 
atom. The hydrogen bond may occur between a hydrogen atom in a first molecule and an electronegative atom in a 
second motecule (intermolecular hydrogen bonding). Also, the hydrogen bond may occur between a hycrogen atom 
and an electronegative atom which are ooth contained in a single molecule (intramolecular hydrogen bonding). 
[0042] "Hydrophihc interaction" refers to molecules or portions of molecules which may substantially bind with, abscrb 
ana/or dissolve in water. This may result in swelling and/or the formation of reversible gels. 

[0043] "Hydrophobic interaction* refers to molecules or portions of molecules which do not substantially hind wuh 


6 


BNSOOClO: <EP_0901?93A1J_> 


EP0 901 793 A1 


absorb anc/cr dissolve m water. 

S ZTeZTT r ° K 7 atenalS Wh ' Ch are 9 eneral, V ™ -niunous to biological functions and wn.ch w„, re 

result m any degree of unacceptable toxicity, mclud.ng allergenic responses and d.sease states Generally 'he c~m 
posmons described here.n that are adm.n.atered to patients are biocompatible Generally, .he c-m- 

^ 4 D S Liti'I^7 ,nati0n W,m " re ' erS t0 ,ncor P° rat,on * °'«*«ve agents and/or targeting iigands ,n a stacl-zm. 
:2° ltl0n ;' ^ ; Pr9Sen ' ' nVenti0n nC ' Udin 9 emu.s.ons. suspensions and vesicles. The b.oactive agent ancvor 'a' 
aclnflnl i " ? °T in T W ' Eh Stab " iZin9 o™*"*™* ^y of a vanety of ways. For example, the b^ctfve 
ZZT 9 ? and bG assOC,aled «™'™'Y anchor non-ccva.ent.y w.th the compounds or i a S^c 

matena... in .he case of vesicles, the b.oact.ve agent may be entraoped within the interna. vo.5 of the vesic e T e 

h Z 1 T w tar96,,n9 hSand a ' SO b9 ,me9rateCl W,th!n !h9 ,a y er(si or '^'(S) of the ves.c(e for example 

by being interspersed among stabilizing mater.a.s wh.ch form or are conta.ned within the ves.de layerts) or wa.lfs, in 
addition, he o.oact.ve agent anc/or target.ng hgand may be located on the surface of a vesicle or nonvesicular stab.- 

TelTr ! h/ ' w a " nt and '° r taf98tin9 N9and b6 concurrem, V strapped with* the internal void of 

the ves.cle and/cr mtegrated w.tn.n the layer(s) or wall( 5 > or the ves.cles and/or located on the surface of a vesicle or 

^rf'^f ^ff mat9ria! PreferablV targ6t,ng t,9and ' S IOCated ° n the su '< ace of 3 or non-ve^cula 

s.ab.lizing^aterial. In any case, the b.oactive agent and/or target.ng l.gand may .nteract chem.caily with (he walls of 
he vesicas, including, for example, the inner and/or outer surfaces of (he vesicle and may rema.n substantially acherec 
thereto Such .nteraction may take the form of. for example, non^ova.ent assoc.ation or bonding. ;0 n.c .nttacuors 
electrostanc .nteract.ons. dipole^ipo.e interacts, hycrogen bonding, van der Waai's forces, covatent association or 
bonding, cross-l.nk.ng or any other interacts, as w.ll be apparent to one skilled in .he art ,n view of the present d>s- 
closure, in some embod.ments. the interaction may result m the stab.lizat.on of the vesicle. The btcact.ve agent and, 
or targe .ng hgand may also interact w.th the inner or outer surface of the vesicle or the non-vesicular stabilizing materal 
m a limited manner. Such l.m.ted interact™ would perm.t m.grat.on of the b.oactive agent and/or target.ng Igand for 
example from the surface of a first ves.de to the surface of a second vesicle, or from the surface of a first non-ves.cufcr 
stabilizing material to a second non-ves.cular stabilizing material. Alternatively, such limited interaction may permit 
migration of the o.oactive agent and/or target.ng ligand. for example, from within the wails of a vesicle and/or non- 
vesicular stabilizing material to the surface of a vesicle and/or non-vesicular stabilizing material, and vice versa 


or 


from ms.de a ves.cle or non-vesicular stabilizing mater.al to w-thin the walls of a vesicle or non-ves.cuiar stabii.z.nc 
material and vice versa. "Tissue" refers generally to specialized cells which may perform a particular funct.on The 
term tissue may refer to an .ndiv.dual cell or a plurality or aggregate of cells for example, membranes blood or 
organs. The term "tissue - also includes reference to an abnormal cell or a plurality of abnormal ceils Exemplary tissue 
include myocardial tissue, deluding myocardial cells and cardiomyoc.tes. membranous tissues, including endothelium 
anc epithelium, laminae, connective tissue, including interstitial tissue, and tumors 

[0046] "Intracellular" or "intracellular^- refers to the area within the plasma membrane of a cell, including the proto- 
plasm. cytcpJasm and/or nucleoplasm. "Intracellular delivery- refers to the delivery of a bioactive agent andtar targeting 
hgand into ;he area within the plasma membrane of a cell. "Cell" refers to any one of the minute protoplasm* masses 
which make up organized tissue, comprising a mass of protoplasm surrounded by a membrane, including nuc-eated 
and unnucleated cells and organelles. "Receptor" refers to a molecular structure within a cell or on the surface of a 
cell which ,s generally characterized by the selective b.nd.ng of a specific substance Exemplary receptors include cell- 
surface receptors for pept.de hormones, neurotransmitters, antigens, complement fragments, immunoglobulins anc 
cytoplasmic receptors. y 
[0O47J "Alky!' refers to linear, branched or cyclic hydrocarbon groups. Preferably, the alkyl is a linear or branchec 
hydrocarbon group, more preferably a linear hydrocarbon group. Linear and branched alkyl groups include for examp;e 
methyl, ethyl, n-propyl. i -propyl, n-butyl. t-butyl. n-pentyl. hexyi. heptyl. octyl. nonyl. and decyl groups Cyclic hydro- 
carbon groups (cycloalkyl groups) include, for example, cyclopentyl. cyclohexyl and cycloheptyl groups "Fluoroalkyl" 
refers to an alkyl which is substituted with one or more fluorine atoms, including, for example, fluoroalkyl groups of the 
formula CF3(CF 2 ) n {CH 2 ) m -. wherein each of m and n is independently an integer from 0 to about 22 Exemplary fluor- 
oalkyl groups include perfluoromethyl. perfluoro ethyl, perfluoropropyl. perfluorobutyl. perfluorocyciobutyl perfluoro- 
pentyl. perfluorohexyl. perfluoroheptyl. perfluorooctyl. perfluorononyl. perfluorodecyl. perfluoroundecyl and perfluoro- 
dooecyl. 

[0048] "Acyl" refers to an alkyl-CO- group wherein alkyl is as previously described. Preferred acyl groups comprise 
alkyl of 1 to about 30 carton atoms. Exemplary acyl groups include acetyl, propanoyl. 2-methylpropanoyl. butanoyi 
ana palm.toyl. Tluoroacyl' refers to an acyl group that ,s subsisted w.th one or more fluorine atoms, up to and including 
perfluonnated acyl groups. 

[0049] "Aryl- refers to an aromatic carbocyclic radical contamtng about 6 to about 10 carbon atoms The aryl group 
may be optionally substituted with one or more aryl group subsntuents when may be the same or different where "aryl 
group substituent" includes alkyl. alkenyi. alkyny). aryi. araikyi. hydroxy, aikoxy. aryloxy. aralkoxy. carboxy aroyi halo 
n.tro tnhalomethyl. cyano alkoxycarbonyl. aryioxycarbonyi ar ai koxycarbonyi acyloxy. acylam.no. arovtam.no car- 
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bamoyf. alkylcarbamoyl. dialkylcarbamoyl. aryithio. alkylthio. alkylene and -NRR' where R and R" are eacn ndecena- 
ently hydrogen, atkyl. aryl and aralkyl. Exemplary aryl grouos include substituted or unsubstituted phenyl and substi- 
tuted or unsubstituted naphthyi. 

[0050] "Alkylaryl" refers to alkyl-aryl-groups {e.g.. CH 3 -(C 4 H A ;-) and aryl-alkyi-grouos (e.g.. iC s H s i-CH 2 -) where an/1 
5 anc aikyi are as previously described. Exemplary alkylaryl groups include benzyl, phenyiethyl and naphthyl-methyl 
"Fluoroalkytaryl" refers to an alkylaryl group that is substituted with one or more fluorine atoms up to and including 
perfluonnated alkyiaryl groups. 

[0051] "Alkylene' refers to a straight or branched bivalent aliphatic hydrocarbon group having from l tc about 30 
carbon atoms. The alkylene group may be straight, orancned or cyclic. The alkylene group may be also optionailv 

to unsaturated ana/or substituted with one or more "atkyl group substituents." including halogen atoms such as fluorine 
atoms There may be optionally inserted along the alkylene group one or more oxygen, sulphur or substituted or un- 
substituted nitrogen atoms, where'n (he nitrogen substituent is alkyi as previously described Exemplary alkylene 
groups include methylene (-CH r >. ethylene (-CH 2 CH 2 -) oropyiene (-(CH 2 > 3 -)- cyclohexylene (-C 6 H l0 -i -CH=CH- 
CH=CH*. -CH=CH-CH r . -(CF 2 » n (CH 2 )„,-. where n is an integer from about 1 to about 22 and m is an integer from C 

'S to about 22. -(CH 2 ;i n -N(R)-(CH 2 ) m -. wherein each of m and n is independently an integer from C to about 30 and R is 
hydrogen or alkyl. methylenedioxy (-0-CH 2 -O-) and eihylenedioxy (-CHCH^O-V It is preferred that the alkylene 
group has about 2 to about 3 carbon atoms 

[0052] The present invention is based on the surprising discovery that thermally preactivatir.g gaseous precursor 
filled compositions prior to in vivo administration of the compositions ;o a patient profoundly enhances the acoustic 

20 activity of tne compositions when diagnostic imaging, such as ultrasound, is applied, tt is unexpected that thermally 
preactivating gaseous precursor filled compositions would enhance the acoustic activity of f .he compositions, in part, 
because normal body temperatures (e.g.. about 37°C) are often greater than the boiling points of many of the gaseous 
precursors used in the compositions. Yet the usefulness of such compositions is significantly enhanced with thermal 
preactivation The methods of the present invention are particularly useful when the compositions are administered as 

25 an infusion Such infusion enhances the lifetime of acoustic activity of the compositions. 

[0053] Although not intending to be bound by any theory of operation, for applications in which the ultimata purpose 
for administration of the compositions is the delivery of bioactive agents, thermally preactivating me gaseous precursor 
filled compositions may increase the efficacy of ultrasound-induced rupture or cavitation, which facilitates release oi 
the bioactive agent in a desired region of the patient. When :he composition further comprises a targeting moiety, such 

so as a targeting ligand. thermal preactivation allows more effective imaging of the acoustically active composition at the 
in vivo site of binding as a means for monitoring the efficacy of targeted drug release. The thermally preactivatec 
compositions have a wide variety of uses including, for example, diagnostic imaging, targeted therapeutic administra- 
tion and gene delivery. 

[0054] Thermal preactivation changes liquid gaseous precursors in the compositions into gases prior to their m wye 
administration to a patient. Generally, the gaseous precursor filled compositions are thermally preactivated by being 
heated to a temperature at or above the boiling point of the gaseous precursor, preferably to a temperature above the 
boiling point of the gaseous precursor, prior to >n vivo administration of the compositions to a patient. Preferably the 
compositions are heated to a temperature that is at least about 1 *C above the boiling point of the gaseous precursor 
more preferaoty the temperature is at least about 2°C or about 3 *C above the boiling point of the gaseous precursor. 

■iO even more preferably the temperature *s at least about 4°C. about 5 a C or about 6'C about the boiling point of the 
gaseous precursor. Alternatively, the compositions may be heated to a temperature that is at least about 7°C abcut 
3°C. about 9'C. about 10*C. about 15*C. about 20°C or about 25 9 C or more above the boiling point of the gaseous 
precursor. In other words, the gaseous precursor filled compositions may be thermally preactivated by being heatec 
to a temperature at or above the boiling point of the gaseous precursor, preferably by being heated to a temperature 

^5 that is at least about 1 *C to about 25°C more preferably about 1*C to about 20*C. even more preferably about TC 
to about 1 5°C. above the boiling point of the gaseous precursor, prior to in vivo administration of the compositions to 
a patient. In preferred embodiments, the gaseous precursors have a boiling point up to about 40°C. more preferably 
from about 37*C to less than about 40 8 C. 

[0055] Thermal preactivation of gaseous precursor filled compositions also means that the compositions are heaiea 
so to a temperature where substantially all of the liquid gaseous precursor in the composition is convened to a gas pror 
to in vivo administration of the composition to a patient. In this context, "substantially' means that at least about 25% 
ol the liquid gaseous precursor is converted to a gas. preferably about 50% or about 60%. more preferably about 70V 
about 80% or about 35%. even more preferably about 90% or about 95%. still more preferably about 99%. most pref- 
erably about 100% of the liquid gaseous precursor in the composition is converted to a gas prior to mvivo administration 
55 ol the composition to a patient. 

[0056] For activation, the gaseous precursor filled compositions may be heated via a syringe or jacketed power 
injector with a heating blanket, a fluid heating jacket an immersion neater, an ultrasonic pressure wave generating 
device, a mechanical agitation device light (e g . UV or iR) sonication. microwave or by any other means that mducas 
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heating, as will be apparent to one skilled in the art. prior 10 administration to a patient. 

[0057] The gaseous precursor Mled compositions tnai are thermally preactivated may be m a vesicular or nonve- 
sicular form preferably a ves.cuiar form The compositions that are thermally preact.vatec preferably comprise a sta- 
bilizing material, as described herein. Preferably me stab.lizmg material is a lipid, a polymer, a protein, a carbohydrate 
or a surfactant. The gaseous precursor filled compositions of the present invention may be in the form of for examp-e 
vesicles microspheres, liposomes, micelles, aerogels, clathrates. cochleates. nexagonal H H phase structures om.ji- 
s.ons. suspensions, dispersions and the like. The gaseous precursor filled compositions of the present .nvention may 
also be referred 10 as contrast agents, delivery vehicles and the like. As one skilled in the art will recognize m view of 
the present disclosure after the gaseous precursor filled compositions are thermally preactiva:ed. the compositors 
will :hen be gas filled compositions 

[00S8] A W1 de variety of lipids may be used as stabilising materials and vesicles in the present invention The lipids 
may be of e.rher natural, synthetic or semisynthetic origin including for example, fatty acics. fluonnated lipids, reutrai 
fats, phosphatides, oils, fluonnated oils. glycolip:ds. surface active agents (surfactants and Kuorosurfactants ■ aliphatic 
alcchols. waxes, terpenes and steroids. Suitable l.pics which may be used to prepare the stabilizing materials of the 
present invention include, for example, fatty acids, lysolipids. fluonnated lipids, phosphocholmes. such as those asso- 
ciated with platelet activation factors (PAF) (Avanti Polar Lipids. Alabaster. AL). including 1 -alkyl-2-acetoyl-sn-g.ycerc 
3-pnosphocholines. and t-aikyl-2-hydroxy-sn-giycero 3-phosphochonnes. which target bfood clots: phosphatidylcho- 
line with both saturated and unsaturated lipids, including dioleoylphosphatidylcholine: dimynstoyl-phosphatidylchohne 
dipentadecanoylphosphatidylcholine: dilauroylphosphatidylcholine: dipalmitoylphosohatidylcholine (OPPC) d:s- 
tearoylphosphatidylcholine (DSPC): and diarachiconylphosphatidylchoune (DAPCV phospnatidylethanolammes. such 
as dioleoylphosphatidytethanolamine. dipalmitoyiphcsphatidylethanolamine (DPPE) and distearoylphosphattdyleth- 
anclamme (DSFE): phosphatidylserine: phosphaticylglycerols. including distearoylphosphattdylgfycerol (DSPG): 
phcsphatidylinositol: sphtngolipids such as sphingomyelin: glycolipids such as ganglioside GM1 and GM2: glucolipids: 
sulfatides: glycospnmgolipids: phosphatidic acids, such as dipalmitoylphosphatidic acid (DPPA) and distearoyiphcs- 
phatidic acid (OSPA): palmitic acid: stearic acid: arachidonic acid: oleic acid: lipids bearing polymers, such as chitm. 
hyaluronic acid, oolyvmylpyrroiidone or polyethylene glycol (PEG), also referred to herein as "pegyfated lipids" w.-th 
preferred hold bearing polymers including OPPE-PEG (DPPE-PEG). which refers :o the lioid OPPE having a PEG 
polymer attached thereto, including, for example. DPPE-PEG5000. which refers to OPPE having attached thereto a 
PEG polymer having a mean average molecular weight of about 5000 lipids bearing sulfonated mono-, di-. oiigo- or 
polysaccharides: cholesterol, cholesterol sulfate and cholesterol hemisuccmate: tocopherol hemisuccmate. lipics with 
ether and ester-linked fatty acids: polymerized lipids (a wide variety of which are well known in the art'.: diacetyl phos- 
phate: dicetyl phosphate; stearylamine: cardiolipm: phospholipids with short chain fatty acids of aoout 6 to about 5 
carbons m ength: synthetic phospholipids with asymmetric acyl chains, such as. for example one acyl chain of about 
6 carbons and another acyl chain of about 12 carbons: coramides: non-ionic liposomes including nicsomes such as 
polyoxyalkylene .'eg., polyoxyethylene) fatty add esters, polyoxyalkylene (e.g.. poiyoxyethyfene) fatty alcohols poy- 
oxyalkyiene te g., oolyoxyethylene) fatty alcohol ethers, polyoxyalkylene -e g . oolyoxy-ethylene) sorbitan fatty acio 
esters (Such as. for example, the class of compounds referred to as TWEEN®. including, for example. TWEEN® 20 
TWEEN® 40 and TWEEN® 80 commercially available from I CI Americas Inc. Wilmington DE). glycerol polyethylene 
glycol cxystearate. glycerol polyethylene glycol ricinoleate. alkyloxylated (eg., ethoxylated) soybean sterols alkyloxy- 
lated (e.g.. ethoxylated) castor oil. poryoxyethylene-polyoxypropylene polymers, and polyoxyalkylene (e.g.. polycx- 
yethylene) fatty acid stearates: sterol aliphatic acid esters including cholesterol sulfate, cholesterol butyrate cholesterol 
isobutyrate. cholesterol palmitate ; cholesterol stearate. lanosterol acetate, ergosterol palmitate. and phytosterol n- 
butyrate: sterol esters of sugar acids including cholesterol glucuronide. lanosterol glucuronide. 7-dehydro<nolesterol 
glucuronide. ergosterol glucuronide. cholesterol gluconate, lanosterol gluconate, and ergosterol gluconate esters of 
sugar acids and alcohols including lauryl glucuronide. stearoyl glucuronide. myristoyi glucuronide. lauryl gluconate, 
myristoyl gluconate, and stearoyl gluconate: esters of sugars and aliphatic acids including sucrose laurate. fructose 
laurate. sucrose palmitate. sucrose stearate. glucuronic acid, gluconic acid and poiyuronic acid: saponins including 
sarsasapogenm. smilagenm. hederagenin. oleanolic acid, and oigitoxigenin: glycerol dilaurate. glycerol trilaurate. glyc- 
erol dipaimitate. glycerol and gfycerol esters including glycerol tnpalmitate. glycerol distearate. glycerol tnstearate. 
glycerol dimyrtstate. glycerol trimynstate: long chain alcohols including n-decyl alcohol, lauryl alcohol, myristyl alcohol, 
cetyl alcohol, and n-octadecy I alcohol: 6-(5-cholesten-3(i-yloxy)-i -thto-|3-0-galactopyranoside: digalactosyldiglycence: 
5r(5-cholesten-3|3-yloxy)hexyl-6-amino-6-deoxy-l-thio-(3-D-galacto-pyranoside: 6-(5-cholesten-3l5-yloxy)hexyl-6-ami- 
no-6-deoxyl-i-ih6-a-C-mannopyranoside: l2*(((7 , -diethylammocoumafin-3-yl)carbonyl)methylamino)octadecanoic 
acid: N-[1 2-({(7'-diethylamirocoumarin-3-yl)carbonyl)methylamino)octadecanoyll-2-aminopalmitic acid: cholesteryl 
(4'-;nmethylammonio)butanoate N-succmytdioieoylphosphatidylethanolamme: 1 2 -d io leoy I -sn- glycerol: i 2-dipalmi- 
toyl-sn-3-succmylglycerol: 1 3-dipalmitoyl-2-succmylglycerol: l -hexadecyl-2-palmitoylglycerophosphoethanoiamine 
ano paimitoylhomocysteme. and/or any combinations thereof, in preferred embodiments, the stabilizing materials com- 
nnse phospho-iipios including one or more of OPPC DPPE CP p A DSPC DSPE. OSPG and DAPC 
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[0059] Examples of aGlymenzed lipids include unsaturated lipophilic chains such as alkenyl or alkynyl cor.tainmc 
up to about 50 carbon atoms: phospnohpids such as phosphoglycendes and sphmgohpics carrying pclyrnenzabie 
groups: and saturated and unsaturated fatty acid derivatives witn hydroxyl groups, such as triglycerides of d-i 2- H y- 
droxyoleic acid, including castor oil and ergot oil. Polymerization may be designed to include hydrophilic substcuents 
such as carboxyl or hydroxy) groups, to enhance dispersability so that the backbone residue resulting from biodegra- 
dation is water soluble Suitable poiymenzable lipids are also described, for example, oy Klaveness ei al US Patent 
No. 5.536.490 the disclosure of which is hereby incorporated by reference herein in its entirety. 
[0060] Suitable fluonnated lipids include, for example, compounds of the formula: 


where m isOtoaoout 13. n is 1 to about 1 2: and wis 1 to about 3 Examples of and methods -or the synthesis of these 
as well as ether fluonnated lipids useful in the present nventton are set forth in U.S. Application Serial No OS/465 368 
filed June 6. 1995. Reiss et al. U.S. Patant No. 5.344 930. Frezard et al.. Biochem Biophys Acta. 1192 6i -70(1994) 
anc Frezard et al. Art. Cells Stood Subs and Immob Biotech. . 22 1 403-1 408 (1 994). the disclosures of each of which 
are incorporated herein by reference m their entirety. One specific example of a difluoroacyl glyceryiphosphatfdyicho- 
line. nonafluorinated diacyl glycerylphosphatidylcholine. is 'epresented by compound A. betow. One skilled in the art 
will appreciate that analogous fluonnated derivatives of other common phospholipids (diacylphosphatidyl serine, dia* 
cyiphosphatidyl ethanolamine. diacylphosphatidyl glycerol, diacyphcsphatidyl glycerol, and the tike) as well as flucn- 
nated derivatives of fatty acy I esters and free fatty acids may also function in accordance with the scope of the invention 
Additionally lipid based and fluorinated (including perfluorinated) surfactants may be used as stabilizing materials \r. 
the present invention. 

[0061 ] Exemplary pclymerizable and/or fluorinated lipid compounds which may be utilized in the compositions of the 
present invention are illustrated below. 
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in formula A. above, x is an integer from about 8 to about 18. and r. is 2x. Most preferably x is 1 2 and n is 24 In formulas 
-*o 8. C. K and L above, m. n. m' and n' are. independently, an integer of from about 3 to about 18. preferably about 10 
to about 1 4. 

[0062] If desired, the stabilizing material may comprise a cationic lipid, such as. for example. N-{i-(2.3-dioleoyloxy) 
prooyll-N.N.N-tflmethylammonium chloride (OOTMA). 1 2-dioleoyloxy-3-<trimethylammonio)propane (OOTAPi: and 
i.2-dioleoyl-3-<4Mrimethylammonio)butanoyl-sn -glycerol (DOTB). If a cationic lipid is employed in the stabilizing ma- 
-fS terials. the molar ratio of cationic lipid to non-cationic lipid may be. for example, from about 1 :1000 to about i 100. 
Preferably, the molar ratio of cationic lipid to non-cationic lipid may be from about 1 2 to about 1:10. with a ratio of frcm 
about 1:1 to about 1:2.5 being preferred. Even more preferably the molar ratio of cationic lipid to non-cationic lipid 
may be about i:i. 

[0063] Suitable cationic lipids include compounds having the formula (I): 


Y,— (R,— XOx- R 2 — [Y 2 - RJ y — (X,— R,)*- Y, 

55 

(I) 
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wnere eacn of x. yanc z is irceD^enry -mager r--om 0 to <=ooul !00 sac* x, is tncrep^.o^- 1 '" -C- - 
t^2»- -c;=K a >-f* ! a s> , NfflsK {=x 3 )- -C(=x 2 >-o- o-C(=x 2 )-or-x 2 .(R s x,iPt.ry^^ 

or aacri/, ,s moapeidepry a phosphate residue N(R 6 ) a - S,R, V PiRg^ -ccX wrere^a is an r,ie^ 
f so 3 each V, , s ^ep^dently -N(P s v -S<R,)„- or -PtRgV wr.e/em bis an ^eg'er from o o 2 -ac- v ^' ' 
perdemy a pbaspnaw res.cue. N/R^- 3(R, V ? ( R sV or -CO^ s . wherein a ,s an .meger from 1 r 0 3 pac— = 
■ R 2 ^ ar>d* 4 ls ^ependentfy a(ky>on* o/ I to about 20 carbons: each R 5 i s mdeoendemiv hydmoen - 3>kv> or • 
atort ^ ca-^ns- and each R 6 ,s mcependentty -[R 7 -X :!c .R 3 or -R,-[X 4 -R 10 ] a .Q wherein sacr of c , s \ r ^" 
ptrtntty** integer from 0 to about 100: each Q ,s .ncependentty a phoephii residu* -n.R • -S(R T 

-5- -Nfl s - -C(=X 2 )- .C( = X 2 .-N(R 5 )- -N(R s )-Q.X 2 j- -Ct.-X^j-O- O-Cf^X,)- or 

■X 2 .<RgX 2 )P( = X 2 »-X 2 -- eacn R 7 is independently a kylens or T to about 20 carbons: each fl a is independently hydrcceo 
or a,ky» of , to about 60 carbons: each of R 9 anc R ui ,s ™.ep*rder«y alkylene of t :o about 20 caroons" a c - 
R„ is independently -(R 7 -X 3 ] c -R3 or 

-fl g -[X 4 -R 10 J o -W. wherein: each W is incependently n pnesphnte residue. -N(P,.) W . -S(R ia i rf . 

-P(R l2 )w or -C0 2 R S . wherein w <s en .mage, fr G rr t io 3 n,_> , s -fR 7 x 3 | e -H a fc with me proviso ttar tne w c >-a- 
ol formula tl 1 comprises al least one and pi eletafcly at '.east tvvo -yj^ernary salts 

[0064] ;n the above formula (/). each of x. y and z ,s .nctepandenUj; a* ^eoer fram C io aoout 1 00. Pr ef erawy -ach 
of x. y and i s independently an integer of from 0 to aoout 50 -v.th integers from 0 to about 20 being more preferred 
Even more preferaoly. eacn of x. y and z is independently an integer from 0 to about 10. wtth integers from 0 to about 
5 being still more preferred In certain particularly preferred embodiments, x is 1. y is 2 or 3 and z is C or 1 
[0065] In the above formula (I), each X, is independently O- -3- NR S -. -C(=X a )-. -C(=X,)-N(R S )-. -N(R s )-C( = X,j- 
-C(=X 2 .-0- -0-C(=X 2 )- or -X 2 -(R 5 X 2 )P(=X 2 )-X 2 -. Preferably, each X, is mcependentty -C(=6)-NRe- -NRc-C(-O)- 
(=G)-0- or -0-C(=0)-. 

[0066] Eacn X 2 in the definitions of X v X 3 and X 4 above s independently O or S. Preferably. X, is O. 
[0067] In the above formula <l). each Y, is mdepencently a phosphate residue. N(R 6 , a -. SCR^'P'ReV or -CO,P g 
wheretn a is an integer from t to 3. Preferably, each Y, is independently a phosphate re? -due. N(R*) - or -COA 
wherein a is 2 or 3 Preferably, a is 3. a ~ 

[0068] Each Y 2 in formula (I) above is independent!y-N(P 6 ) b -. S(R 6 ) b - or -P(R s ) b , wherein b .s an integer from 0 <z 
2. Preferably. Y 2 is -N(R 6 ) b -, wherein o is 1 or 2. 

[0069] in the above formula (I), each Y 3 is independently a phosphate residue. N(R 8 } a -, S(R 6 ) a -. P(R 6 ) a - or -CO,R 6 
wherein a is an integer from 1 to 3. Preferably, each Y 3 is independently a phosphate residue. N(Re)j- or -CO> R 
wherein a is 2 or 3 Preferably a is 3. 

[0070] In the above formula (I). each of R t . R 2 . R 3 and R 4 is independently alkylene of 1 to about 20 carbors 
Preferably, each of R, R 2 . R 3 and R 4 is independently straight chain alkytone of 1 to about 1 0 caroons or cycioalky icnc 
of about 4 to about 1 0 carbons. More preferably each of R, R 2 . R. and R 4 is independently straight chain alkylene of 
i tc about 4 carbons or cycloalkylene of about 5 to about 7 carbons Even more preferably, each of R,. R 2 . R 3 and R u 
is independently methylene, ethylene or cyclohexylene 

[0071] in the above definitions of X, X 3 and X 4 , eacn R s is mcependentty hydrogen or alkyl of i to about 10 carbors 
Preferably, each R 5 is independently hydrogen or alkyl of 1 to about 4 carbons More preferably R 5 is hydrogen 
[0072] In the above definitions of Y,. Y 2 and Y 3 . each R s is independently -{R 7 -X 3 l c -R a or -R 9 -[X 4 -R l0 ] d -Q. wherein 
each of c and d is independently an integer from 0 to about 100 Preferably, eacn of c and d is independently an integer 
from 0 to about 50. with integers from 0 to about 20 being more preferred. Even more preferably each of c and d is 
independently an integer from 0 to about 10. with integers from 0 to about 5 being still more preferred. In certain 
particularly preferred embodiments, c is 0 or i and d is 1 . 

[0073] Each Q in R s above is independently a phosphate residue. -lM(R lt ) q . -S(R„) Q , -P(R n ) 0 or -CO^ . wherein 
q is an integer from 1 to 3. Preferably, each Q is independently a phosphate residue. -N{R 1( ) a or -CO,R tl wherein q 
is 2 or 3. Preferably, q is 3. 

[0074] Also in the above definition of R 6 , each of X 3 and X 4 is independently -O- -S-. -NR S - -C(=X 2 >-. -C(=X 2 )-N 
(R S )-..N(R S )-C(=X 2 )-. -C(=X 2 )-0-. 0-C(=X 2 )- or -X 2 -(R 5 X2}P(=X 2 )-X 2 -. wherein each of X 2 and R s is independently as 
previously described. Preferably, each of X 3 and X 4 is independently -C(=0)-Nfl r . -NR s -C(=Ok -C(=0)-0- or O-C 
(=G)-. 

[0075] In the definitions of R 6 , R n and R 12 above, each R 7 is independently alkylene of 1 to about 20 carbors 
Preferably, each R 7 is independently alkylene of 1 to about 10 carbons, with alkylene of t to about 4 carbons being 
preferred. More preferably, each R 7 is independently methylene or ethylene. 

[0076] Also in the definitions of R^ R n and R 12 above, each R 3 is independently hydrogen or alkyl of i to about 60 
carbons. P-eferaoly. each R 8 is independently hydrogen or alkyl of 1 to about 40 carbons, with hydrogen or alkyl of i 
to about 20 carbons being more preferred. Even more preferred, each R 8 is independently hydrogen or alkyl of i tc 
about 16 carbons 'n certain particularly preferred emoodiments ftac-n R 9 is mdeoendently hydrogen, methyl, dodecyt 


13 

SNSOOClO: <EP_09017«AIJ_» 


EPO 901 


or hexadecyl 

[0077] Eacnor RqardR^ ;i tne-jefir ■ of F= ano ^ n above -:■:■•<- . alkylene of 1 \<j about 20 r. a .-r. - 
Preferably, each of R 9 and R, 0 is mdeper - cf i :o abc^ o - - -x. : r e preferably eac.- zl = - - ■? 

R, 0 is independently alkylene of * to abot. - more pr-: , eac, % and R T3 --s :r.cecer>::V~ 

methylene or ethylene 

[0078] Eacn R n m G above is independent!.. _ -.r.q« rv_. - ' wherein eac ■ • - * X- X. =. 

^ 9 and R 10 is incependenily as previously desc 

"-■i: =acn Wm R., above is ,ndependent!v ^"^:9 residue -Nt"a )2 ) w . -S{fl l2 ) w . -P(R, 2 ) W or . -. ^neretn 
"J - * .-ably v. - = ;esidue. -N(R, 2 :,. ~ ~ : R t2 . wtwein w ts 2 : ;ferabty 

w ts 3 

[0080] ;n the above definition of W. R 12 3 -iR T -X : , c -R 2 wherein each of c. X- - ; - ^nd R 3 ts independency v 
desenbed. 

[0081] Another cationic lipid compound which may be incorporated in the composittons at the present <rver . 
™-<-.~h formula (II): 


where each Y, is independently a phosphate residue. N(R 3 > 3 - S(R 2 ) a - F{R 2 ) a - or -C0 2 R 2 . wherein a is an integer 
ZQ from 1 :o3 R, is alkylene of 1 to about 60 cartons containing 0 lo about 30 -O-. -S-. -NR 3 - or -X 2 -(R-X 2 )P(=X 2 )-X 2 - 
heteroatoms or heiero-r.om groups: R 2 is a residue of the formula -R4-[(X 1 -R s ) 1 -Y 2 | y -R 6 . wnerein each of x and y is 
independently an mtegs' !rom 0 to about 100: each X, is independently a direct bond. -O-. -S-. -NR3-. -Ct=X 2 )- -C 
(=X 2 )-N(R 3 )- -N(R 3 )-C(=X 2 )-. -C(-X 2 )-0-. -0-Ci=X 2 )- or -X 2 -(R 3 X 2 )P:=X 2 )-X2-. each X2 is independently O or S each 
Y 2 13 independently -S(R 2 ) b -. -N(R 2 ) b -or -P(R 2 ) b -. wherein b : s an integer from 0 to 2: each R 3 istncependently hydrogen 
25 or aikyl of 1 to about 1 0 carbons: each of R 4 and R 5 is independently a direct bend or alkylene of 1 to about 30 carbons 
containing 0 to apout 15 -O-. -S-. -NR 3 - or -Xj-iR^jiPOX^i-X^ heteroatoms or heteroatom groups: and each R 6 is 
independently hydrogen or alkyl of 1 to about 60 carbons containing 0 to about 30 -O-. -S-. 

-NR 3 - or -X 2 -(R 3 X 2 )P(=X 2 )-X 2 - heteroatoms or hetercatom groups: with the proviso that the compound of formula (\\) 
comprises at least one. and preferably at least two. quaternary salts. 
jo [0082] in the above formula (ID. each Y, is independently a phosphate residue. N(R 2 > a -. S(R 2 ) a -- P(R 2 ) a - or -CC 2 R 2 . 
wherein a is an integer from 1 to 3. Preferably, each Y, is independently a phosphate residue. -NiR 2 ) a - or -CG 2 R 2 . 
wherein a ts 2 or 3 Preferably, a is 3. 

[0083] Also in the above formula (II) R, is alkylene of 1 to about 60 carbons containing 0 to about 30 -O- -5-. -NR 3 - 
or -X 2 -(R 3 X 2 )P(=X 2 )-X 2 - heteroatoms or heteroatom groups Pre'eraoly. R, is alkylene of 1 ;o about 40 carbons. w:th 
:s alkylene of 1 -o about 20 carbons being preferred. More preferably R, is straight chain alkylene of 1 to about 10 carbons 
or cycloalkylene of about 4 to about 10 carbons. Even more preferably. R t is straight chain alkylene of 1 to about 4 
carbons or cycloalkylene of about 5 to about 7 carbons 

[0084] In the above definition of Y v R 2 is a residue of the formula *R4-{(X 1 -P 5 ) x -Y 2 j y -R 6 wherein each of x and y is 
independently an integer from 0 to about 100. Preferably, each of x and y is independently an integer from 0 to abcut 
*° 50. with integers from 0 to about 20 being more preferred. Even more preferably each of x and y is independently an 
integer from 0 to about 10. 

[0085] In the above definition of Ftg each X, is independently a direct bond. -O-. -S-. -NR-j- -C(=X2)-. *C(=X 2 )-N 
{R 3 K -N(R 3 )-C(=X 2 )-. -CfsX^-O-. -0-C(=X 2 )- or -X2-(R 3 X 2 )P(=X a )-X r . Preferably, X, is a direct bond. -C(=X a )-N(R 3 )-. 
-N(R 3 )-C(=X2)-. •C(=X 2 )-0 or -0-C(=X 2 )- 
*s [0086] Each X2 in the above definitions of X, . R, . R 4 . R s and R 6 is independently O or S. Preferably. X 2 is O 

[0087] Each Y 2 in th « above definition of R2 is independently -S(R 2 ) b -. -N(R 2 ) b - or -P(R 2 ) b *. wherein b is an integer 
of from 0 to 2. Preferably. Y 2 is -N(R 2 ) b - and b is 1 or 2. 

[0088] In the above definitions of X, R v R 4; R 5 and R 6 . each R 3 is independently hydrogen or alkyl of 1 to about 10 
carbons. Preferably, each R 3 is independently hydrogen or alkyl of i to abcut 4 carbons. More preferably. R 3 is hydro- 
50 gen. 

[0089] In the above definition of R 2 . each of R 4 and R s is independently a direct bond or alkylene of 1 tc about 30 
carbons containing 0 to about 15 -O-. -S-. -NR 3 - or -X 2 -(R 3 X 2 )P(=X 2 ;-X 2 - heteroatoms or heteroatom groups. Prefer- 
ably, each of R 4 and R s is independently a direct bond or aikylene of 1 to about 20 carbons. More preferably, each of 
R 4 and R 5 is independently a direct bond, straight chain alkylene of 1 to about 10 carbons or cycloalkylene of 4 to 
55 abcut 10 carbons. Even more preferably, each of R 4 and R s is independently a direct bond, straight chain alkylene of 
i to about 4 carbons or cycloalkylene ol about 5 to about 7 caroons. 

[0090] Eacn R 6 in R, above is independently hydrogen or alkyl of 1 to about 60 carbons containing 0 tc about 30 
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-O- -S- -NR 3 - or -X 2 -(R 3 x a )P( = x 2 )-X 2 - heteroatcms or heteroatom groups. Pre'eraolv each R* «s indenpn-. on -.„ - 

3,ky ' 0i 1 ! ° ab ° U * J ° CarC ° nS MOr9 pre,erab ' V ' Men *° -dependentlyT/dC ^^^ZZ 
[0091] The cat onic lipid may also be a compound of the formula (III) 


Y<— (Ri-X l)x - R2— [ Yr RaJy-fX,- ROx-Y, 
( r Xl)x (rx l)x 
Yr-CRf-X,)*— [Rj- Ydy _ R 2 — (Xr R, )x - Yl 

(III) 

where each of x^y and z is independently an integer from 0 to about 100: each X, is independently -O- -S- -NR e - -C 
ir^ ' ea ch = V 2) ; ' ri S) ' - N, ^ | - C '; X 2 »- -C(='< 2 ,.0- -0-C(=X 2 )-or ^-.R^Pf^-V each X, is independent* C 
or S each Y ,s independently -O-. -N,fi 6 ) a -. -s;R 6 ) a - or -P(R,;., where.n a ,s an .nteger frcm 0-to 2: each Y, » 
independently ^. 2 

,"n ? S,a -/o S ! R6 o* ' P(Rs,a '' wherein a ,s an ,nt3 9 er from 0 10 2 e acn Y 3 is independently a phosphate residue n 
("6)b- ^("eV p ( R eV or -C0 2 R 6; wherein b is an integer from i to 3: 

each or R, R 2 . R 3 and R 4 ,s independently alkylene of 1 tc about 20 carbons: each Rg is independently hydrogen or 
alkylofl to about to carbons, and each R 6 .s independently -[R r X 3 | c -R 3 or 

■ R 9-[ X 4- R io]d-Q- where each of c and d is independently an integer from 0 to about 100: each Q .s independently a 
phosphate residue. -N(R n ) q . -S,R 1l)q; -P<R 1t)q or -C0 2 R„. wherein q is an integer from i to 3: each of X, and x >s 
.ndependenily -O-. -S-. -NR S -. -CUX 2 >, -C(,X 2 )-N(R 5 ), -N(R S )-C<-X 2 K -C(,X 2 >-0-. -0-C(=X 2 )- or -X,.(R 5 X,)P-xV 
Z 7 15 inde P endent| y aik y'e n e of 1 to about 20 carbons each R 8 is independently hydrogen or alkyl of i "tc 

abcut 60 carbons: cacn of R<j and R 10 is mdepcndenily alkylene of 1 to about 20 carbons- 

anc each R ,s independently -{R 7 -X,j c -R 9 or -R,-{X r R t0 | d .w. where 9ach W is independently a phosphate res.dte 
•r\i(H l2 ) w . .S(R t2 t w . -P(R, 2 ) W or -C0 2 R l2 . wherein w is an .rteger from i to 3: and R )2 is -[R 7 -X 3 L-R a with the prov.sc 
that the compound of formula (Ml) comprises at least one. and oreferably at least two. quaternary salts 
[0092] in the above formula (III), each of x. y and z is .ndependently an .nteger from 0 to about 100 Preferably Pach 
of x. y and z is independently an integer from 0 to about 50. with integers from 0 to about 20 be.ng more preferred 
Even more preferably, each of x. y and z is independently an integer from 0 to about 10. Still more preferably, each ol 
x y and z is independently an integer from 0 to about 5 In certain particularly preferred embodiments x is i v is 2 or 
3 and z ts 0 or 1 . 

[0093] in the above formula (III), each X, is independently -O-. -S-. -NR S -. -C<=X 2 )- -C(=X a )-N(R 5 ).. -NfR 5 )-C(rX 2 )- 
-C(-X 2 )-0- -0-C(=X 2 )- or -X 2 -(R s X 2 )P(=X 2 i*X 2 *. Preferably, each X, is independently -C(=0)-NR s - -NR s -C(=0)- -C 
(— 0)"0* or *0*C(— O)". 

[0094] in the above definitions of X t , X 3 and X 4; each X 2 is independently O or S. Preferably X 2 is O 

[00961 Each y t in formula (III) above is independently O- -N(R 6 ) a , -S(R 6 ) a - or .P(R 6 ) a -. wherein a is an .nteger 

from 0 10 2. Preferably. Y, is -N(R 6 ) a -. wherein a is 1 or 2. 

[0096] Each Y 2 in formula (III) aoove is independently -N(R 6 ) a , -SiR*),- or -P<R 6 ) a , wherein a is an integer from C 
to 2. Preferably. Y 2 is -N(R 6 ) a - y 
[0097] in the above formula (III), each Y 3 is independently a phosphate residue. N(R 6 ) b -. S(R 6 ) b , P(R 6 ) b - or -CO,R 6 
wherein b is an integer from 1 to 3. Preferably, each Y 3 is independently a phosphate residue or N(R e ) h - wherein'b -s 
2 or 3. Preferably, b is 3. 

[0098] In the above formula (III), each of R v R 2 . R 3 and R 4 ts independently alkylene of 1 to about 20 carbons. 
Preferably, each ol R, R 2 . R 3 and R 4 is independently straight chain alkylene of 1 to about 1 0 carbons or cycioalkylene 
of about 4. to about 10 carbons. More preferably each of R t . R 2 . R 3 and R 4 is .ndependentfy straight chain alkylene ol 
1 to about 4 carbons or cycioalkylene of about S to about 7 carbons. Even more preferably, each of R, . R 9 . R 2 and R 4 
is independently methylene, ethylene or cyciohexylene 
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[0099] In the above definitions of X, . X-j ar.d X 4 eacn R 5 is independently hycrcgen or alkyl of 1 to about 1 0 carbors 
Preferably, each R 5 is independently hydrogen or aikyl of 1 to about 4 carbons. More preferably. R 5 is hydrogen 
[0100] In the above definitions cf Y r v 2 and Y 3 each B 5 is irdspencently -[R 7 -X 3 i c -R 3 or -R9-[X 4 -R 10 ] d -Q. wnerem 
each of c ana d is independently an integer from 0 to about 100 Preferably, eacn of c and d is mdepencently an integer 
» from 0 to aoout 50. with integers from C to about 20 being more preferred. Even more preferably, each of : aro d is 
independently an integer ; rom 0 to about *0. with integers from 0 -o about 5 being still more preferred In certain 
particularly preferred embodiments, c is 0 or 1 and d is 1 

[0101] Eacn Q in R 6 above is independently a phosphate residue. -N(R,,) q . -§iR u ) Q . -P(R , ,) Q or -C0 2 R P wherein 
q is an integer from 1 to 3. Preferably, each Q is independently a phosohate residue. -N(R n ) q or -C0 2 R~,, wherem q 

iv is 2 or 3 Preferably q is 3 

[0102] Also :n :he above definition of R 6 , sach of X : xnc X^ ts independently -O- -S-. -NR S - -C; = X,)- -C(=X,)-N 
'R s )- -N(R 5 )-C(=X 2 )-. -C(=X s )-0- -OC(=X 2 )-or -X : -.-R ? X ; )P( =XVi-X 2 -. wherein X 2 and R s are as previously described 
Preferably, each of X-j and X 4 is independently -C( ■ C'.-NJflc* -NR s -C(=0)- -C(=0)-0- or -0-C(=0)- 
[0103] In the definitions of R 6l R 1t and R 12 above ertch R 7 is independently alkylene cf 1 to about 2C carbors 

'5 Preferably, each R 7 ts independently alkylene of 1 to about 10 carbons, with alkylene of 1 :o aoout 4 carbons bemc 
preferred. More preferably each R 7 is independently methylene or ethylene 

[0104] Also in the definitions of R 6 . R n and R 12 above each R i is ndependently hydrogen or alkyl of 1 to about 5C 
carbons. Preferably, each R g is independently hydrogen or alkyl of i to about 40 carbons, with hydrogen or alkyl ol 1 
to about 20 carbons being more preferred. In certain particularly preferred embodiments, each R g is mdeoendently 
20 hydrogen, methyl, dodecyl or hexadecyl. 

[0105] Eacn of Rg and R )0 in the definitions of P§ and R n above is ndependently alkylene of 1 to about 20 carbors 
Preferably, each of R g and R l0 is independently alky.ene cf 1 'o about 10 carbons. More preferably, each ol R$ and 
R 10 is independently alkylene of 1 to about 4 carbons. Even more preferably each of R^ and R l0 is independency 
methylene or ethylene 

25 [0106] In G above, each R n is independently -[R 7 -X 3 J C -R 3 or -FVlX 4 -R 10 j d -W. wherein each of c d. X 3 . X 4 . R7. R g . 
R 9 and R t0 is independently as previously described. 

[0107] Each W in R n above is .ndependently a phosphate residue. -Ni R l2 ) w . -S(R l2 ) w ^ - p ( R i2>w or *C0 2 R 12 . wherein 
w is an integer from 1 to 3. Preferably, each W is independently a phosphate residue. -N(R 12 ) W or -CQ 2 R 12 wherein 
w is 2 or 3. Preferably w is 3. 

00 [0108] In W above. R 12 is -{R7X 3 ] C -R 9 . wherein each of c X 3 , R 7 and R 3 is independently as previously described 
[0109] in the above formulas (I). (II) and (III), it is intended that when any symbol appears more than once in a 
particular formula or substituent. its meaning in each instance is independent of the other. Also in the above formulas 
(I). (I!) and (HI), it is intended that when each of two or more adjacent symbols is defined as being "a direct bond" tc 
provido multiole. adjacent direct bonds, the multiple and adjacent direct bonds devolve into a single circct bond. 

35 [0110] The cat'onic lipid compounds of formula (I), formula (II) ana formula till) which are described above are set 
forth in U S. Application Serial No. 08/391 .938. filed February 21 1 955 the disclosure of which is hereby incorporatec 
by reference herein in its entirety. 

[0111] If desired, aggregates or cochleates may be constructed of one or more charged lipids in association w-th 
one or more polymer bearing lipids, optionally in association with one or more neutral lipids. The charged ; tpids may 

J o either be anionic (< e negatively charged, that is. carrying a net negative charge) or cat ionic (i.e.. positively charged, 
that is. carrying a net positive charger Typically, the lipids are aggregated in the presence of a multivalent species, 
such as a counter ion. opposite in charge to the charged lipid. For the delivery of bioactive agents to selective sites m 
vtvo. aggregates of preferably under 2 um more preferabfy under 0 5 um and even more preferably under 200 nm 
are desired. Most preferabfy the lipid aggregates are under 200 nm in size and may be as small as 5-1 0 nm in size. 

-*s [0112] Exemplary anionic lipids include phosphatide acid and phosphatidyl glycerol and fatty acid esters thereof 
amides of phosphatidyl ethanolamme such as anandamides and methanandamides. phosphatidyl serine, phosphatidyl 
inositol and fatty acid esters thereof, cardiolipin. phosphatidyl ethylene gfycol. acidic tysolipids. sulfolipids. and sutfati- 
des. free fatty acids, both saturated and unsaturated, and negatively charged derivatives thereof. Phosphatide acic 
and phosphatidyl glycerol and fatty acid esters thereof are preferred anionic lipids. 

so [01 1 3] When the charged lipid is anionic, a multivalent (divalent, tnvalent. etc ) cationic material may be used to form 
aggregates. Useful cations include, for example, cations derived from alkaline earth metals, such as beryllium (Be* 2 ), 
magnesium (Mg* 2 ). calcium (Ca* 2 ). strontium (Sr 2 ). and barium (Ba* 2 ): amphoteric ions such as aluminum (AH) 
gallium (Ga* 3 ). germanium (Ge* 3 ). tin (Sn**). and lead (Pb* 2 and Pb* 4 ): transition metals such as titanium (Tr 3 and 
T1* 4 ). vanadium (V* 2 and V 3 ). chromium (Cr* 2 and Cr* 3 ) manganese (Mn* 2 and Mn* 3 ). iron (Fe* 2 and Fe- 3 ). cobalt 

ss (Co* 2 and Co* 3 ), nickel (Ni* 2 and Ni* 3 ). copper (Cu* 2 ;. zinc (Zn* 2 ). zirconium (Zr 4 ) niobium (Nb* 3 ). molybdenum 
(Mo* 2 and Mo* 3 ), cadmium (Cd* 2 ). indium (In* 3 ) tungsten (W* 2 and W* 4 ). osmium (Os* 2 Os* 3 and Os* 4 ). indium 
(ir 2 Ir* 3 and Ir* 4 ). mercury (Hg* 2 ). and bismuth (Br 3 }: and rare earth lanthanides. such as lanthanum (La* 3 ) and 
• gaooiinaim fGd* 3 ) Cations tn a>i of their ordinary valence states will be suitable for forming aggregates *nd cross- 
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linKed lipids Preferred cations include calcium ( Ca-2) magnes.um { Mg^) and z.nc fZn-2'. and nar^nraur 

such as manganese preferably Mn-, and gado.oum Jo,. P JJJ V « C a^ CaT^l^T 

Lrao.v *Tj°n & ;,P ' d 13 Ca " Cn,C ^ 3n ' 0nK: matena ' f0r SXample ma V be ^ * form aggregates o„ ( . 

™lmV h T 31 ' S mU,t " a,em - SUCh as - for ^.ent. Examples of useful amomc mLnals ncJe 

2TIZ J^ 9 " T r IOnS SUCh 35 Carb "V ,ate ^ sul ^ ion. su.fite ions, sulfate icn S . ox.de ions ^ 
-ens. carbonate ons. and phosphate ,ons. An.ons of ethylene diamme tetraacetic acid f = DTA» diethvlene tr, am n! 
pertaacet-cacd (OTPA). and 1. 4 7 10-tetraazocyc.ododecane-NV NV N". Nv.etraacetic acd CoTa may a so 1 

acl ^"JTT T^' ^ mat9naiS ^ an '° nS * ^ « -ry C ac d " e h 

TZ \Z rT p0 ' yaCrVlatGS ™thacrylates. po.ymers w„h pendant SO,H groups, such as sulfonated polys y 
rene. and polystyrenes containing carooxylic actd groups po'ysty 

I M m o?H° f , Cati ? n ' C " P1CS ' nClUCle thOS6 " Sted here ' n ^e A preferred cat.on.c lipid for format-on of aggre- 
flknhfl con th V )P r doy l]-N. N. N-tnmethylammonium chbr.de ("DOTMA"). Synthetic cat,on IC l.p.d's m 'y 

a so be used. These .nclude common natural hpids denvahzed toconta.n one or more bas.c funcuonal groups Examol-s 
of lipids which can be so modified include dimethyldioctadecyt-ammomum brom.de. sph.ngolip.ds. sphmgomye^ It 
ohp.ds. glyccl.p.ds such as ganglioside GM1. su.fat.des. g.yccsphmgofip.ds. cholesterol and cnole sterols te s anc 
?dio a ?mro C r y f 0,e °V l P^ s P hat ; d V'e t hano f am t ne. 1 .2.-dicleoy|. 3 n-g,ycero.. l.S^ipa.m.tcy.^-succ.v.glcero. 
cystine ,t0y tSn - 3 - SUCC ' n ^ ! y cero1 - 1 -hexadecy l-S-palm.toylghycerophosphat.dyfethanolam.ne and pa Im .toy I homo- 

£ u *l JlTlT S i ym " eS 'l ed C * [QniC t,p,ds a,so f unction * lhe embodiments of the invention. slch as those disc.osec 
hfirA.n h T Appl,Cat, ° n N ° <»'391.93B. filed February 21. 1995. the disclosure of wh.ch „ hereby incorporated 

f\i Nj nj , V ^ , e T nC9 ' n ' tS 9ntifety - aPd ' nCfUde - f0f 6Xamp,e - N N '- b,s <^ecyam,nocarbony.-meth y iene).N.N- b.s |3 
N.N N-tnmethylammon.umethylaminocarbonylmethyleneethylenediamine tetra.cdide: n.N'-ois hexadecyiam.noca L 
ony.methy.ene)-N.NVN"-tns (^N.N.N-tr.methy.ammon.umethy.am.no^arbonylmethy.ened.ethytenetnam.ne hexa«- 
1 hL ,h , , i N ^ , - 8ls(d ^ ec y |amin ^ arbon y |m ethylene)-N.N"-b ) s(!4-N.N.N-tr.meth y i^ 
n™7 ' T c, ^^Vlehe-l.4-d.am,ne tetraicdde: 1.1.7 7-tetra-(f3.N.N.N.N.tetramethylammoniumethy, a m ) - 
nocarbony t .methyiene»-3-hexadecylam«nocarbonyimethyiene-t.3.7-tnaazaheptane heptaiodide- and N n n'N". 
tetraphosphceihanolam.nocarbonylmethylene)diethyfenetnamine tetraiodide. 

[01 17] In the case of stabilizing materials which conta.n both cationic ana non-cation,c lipids, a w.de variety of l.p.cs 

mo^ S JnPPr b n?pp may ' e TT"* 33 ^ n0n<at0niC " p ' d - Pref W the non-cationic lip.d comprises one or 
more or DPPC. DFPE and dioleoylphosphahdylethanolamine. in lieu of the cationic l.p.ds listed above lipids b*ar.nc 
cat.onic polymers, such as polylys.ne or polyargmine. as well as alky, phosphenates. alkyi phosphinates. and alkyl 
pncsphitos may also be used in the stabilizing materials. 

[0118] Saturated and unsaturated fatty acids which may be employed in the present stabilizing matenals include 
molecules that preferaoly conta.n from about 1 2 carbon atoms to about 22 carbon atoms. ,n linear or branched form 
Hydrocarbon groups consisting of isopreno.d un.ts and/or prenyl groups can be used. Su.table saturated fatty acids 
include, for example fauric. mynstic. palmit.c. and steanc acids Su.table unsaturated fatty acids include for examp-e 
laurole.c. physetenc mynstoleic. palm.toleic. petroselinic. and oieic acds. Suitable branched fatty acds include lor 
example, isolaurc. isomynstic. isopalmitic. and isostearic acids. 

[0119] Other useful lipids or combmations thereof apparent to one sk.lled in the an which are in keeping with the 
sp.nt of the present invention are also encompassed by the present invention. For example, carbohydrate-bearing 
hp,ds may be employed, as described in U.S. Patent No. 4.310.505. the disclosure of which is hereby incorporated 
herein by reference in its entirety. H 
[01 20] I n addition to stabilizing materials and/or vesicles formulated from lipids, embodiments of the present invention 
may involve vesicles formulated, in whole or in part, from proteins or derivatives thereof. Suitable prote.ns for use m 
the present mventon include, for example, albumin, hemoglobin, ai-antrtrypsin. a-fetoproiein. aminotransferases 
amylase. C-react.ve protein, carcinoembryonic antigen, ceruloplasmm. complement, creatine phosphokinase ferritin 
Fibrinogen, fibrin, transpeptidase, gastrin, serum globulins, myoglobin, immunoglobulins, lactate dehydrogenase li- 
pase, lipoproteins, acd phosphatase, alkaline phosphatase, a, 1 -serum prote.n fraction, a-2-scrum protein fraction |> 
protein fraction, v-protein fraction and y-glutamyl transferase. Other stabilizing materials and vesicles formulated from 
proteins that may be used in the present invention are described, for example, in U.S. Patent Nos. 4.572 203. 4.713 433 
4.774.953. and 4.957.656. the disclosures of which are hereby incorporated herein by reference in their entirety. Other 
protein-based stabilizing materials and vesicles, in addition to those described above and in the aforement.oned pat- 
ents, would be apparent to one of ordinary skill in the art in view of the present discfosure 

[0121] In addition to stabilizing materials and/or vesicles formulated from lipids and/or proteins, embodiments of the 
present invention may also involve stabilizing materials or vesicles formulated from polymers which may be of natural 
sem.-synthenc (modified natural] or synthetic origin Polymer denotes a compound comprised of two or more reoeat.nc 
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rnonorrenc units and preferably 10 or more repeating monomenc units. Semi-synthetic polymer {or modified raturai 
polymer) denotes a natural polymer that has been chemically modified in some fashion. Suitable natural polymers 
include naturally occurring polysaccharides, such as. for examole. araomans. fructans. fucans. galactans. ^aiacturo- 
nars clucans. mannans. xylans (such as. tor example, inulin) levan (ucoidan. carrageenan. gala^ocarotcse pecttc 

* actd. pectins, including amylose. pullulan. gtycogen. amylopectin cellulose, dextran. cextnn. dextrose glucose pcy- 
glucose, polydextrose. pustulan. chitin. agarose, keratin, chondroitin dermatan. hyaluronic acid, algimc acid, xanthir 
gum. starch and various other natural homopolymer or heteropolymers. such as these containing one or more of the 
following aldoses, ketoses. acids or amines: erythrose. threose. ribose arabinose. xylose, lyxose. aHcse. 3l;rosa g:u- 
cose dextrose, manncse. gutoso. idose galactose, talcse. erythrulose nbulose xylulose, psicose. fructose, so.-oose 

'0 tagatose mannitol sorbitol lactose sucrose, trehalose, maltose cellobiose. glycine serine threonine cysteine *y- 
rosme. asparagine. glutamine. aspartic acid, glutamic acid lysine, argmme. histidine. glucuronic acid, gluconic acd. 
giucanc acid galacturonic acid, mannuronic acid, glucosamine, galactosamtne. and neuraminic acid, and naturally 
occurring derivatives thereof. Accordingly, suitable polymers include for example, proteins, such as albumin Exem- 
plary semi-synthetic polymers include carboxymethylceliulose. hydroxymethylceilulose. hydroxypropylmethyicelluiose 

ts methyl-cellulose, and methoxycellulose. Exemplary synthetic polymers suitable for use in the present invention include 
polyphosphazenes. polyalkylenes (e.g. polyethylene) such as. for example, polyethylene glycol (including for exam- 
ple, the class of compounds referred to as Pluromcs®. commercially available from BASF. Parsippany. NJ). polyoxy- 
alkylenes (e.g.. polyoxyethylenet. and polyethylene terephthlate. polypropylenes (such as. for example, pofyoropyiene 
glycol), polyurethanes (such as. for example, polyvinyl alcohol (PVA). polyvinyl chloride and oolyvinylpyrrolidone). 

20 polyamides including nylon, polystyrene, pclylactic acids, fluorinated hydrocaroon polymers, fluonnatsd carbon poly- 
mers (such as. for example, polytetrafluoro-ethylene). acrylate. methacrylate. and polymethylmethacrylate, and deriv- 
atives thereof Preferred are synthetic polymers or copolymers prepared from monomers, such as acrylic acid, meth- 
acryiic acid, ethyleneiniine crotonic acid, acrylamide. ethyl aery sate, methyl methacrylate. 2-hydroxyethyl methacryiate 
(HE MA), lactic acid, glycolic acid, e-capro lactone, acrolein, cyanoacrylate. bisphencl A. epichlorhydrin. hydroxyalkyl- 

25 acrylates. siloxane. dimethylsiloxane. ethylene oxtde. ethylene glycol, hydroxyafkyl-methacryiates. N-substrtuted acr- 
ylamides. N-substituted methacryiamides. N-vinyi-2-pyrrolidone. 2.4-pentadiene-i ol. vinyl acetate, acryionitnle. sty- 
rene. p-ammo-styrene. p-arr.ino-benzyl-styrene. sodium styrene sulfonate, sodium 2-sulfoxyethyi-methacryiate. vinyl 
pyridine, aminoethyl methacryiates. 2-methacryi-oyloxytrimethylammonium chloride, and poiyvmylidene. as well posy- 
functional crosslinking monomers such as N.N'-methylenebisacrylamide. ethylene gfycol dimethacryiates. 2.2'-{p-phe- 

30 nylenedioxy)diethyl di methacrylate. divinylbenzene. triallylamtne and methylenebis(4-phenylisocyanate). including 
combinations thereof. Preferable polymers include poly aery lie acid, pclyethyleneimine. polymethacry lie acid, oolymeth- 
ylmethacryiate. poiysiloxane. pofydimethylsiloxane. poiylactic acid, pcly(e-caprolactone). epoxy resin poly( ethylene 
oxtde). poly(ethylene glycel). and polyamide (nylon) polymers. Preferable copolymers include the following: oolyvmyti- 
deno-polyacrylonitnle. polyvinylidene-pclyacrylcnitrile-polymethyl-methacrylate. poly styrene -poly aery Ion it rile and poly 

is d-i lactide co-gfycolide polymers. A preferred copolymer is polyvinylidene-polyacrylonitnle. Other suitable monomers 
and polymers will be apparent to one skilled in the art in view of the present disclosure. 

[0122] Stabilizing materials and vesicles may be prepared from other materials. The materials may be basic anc 
fundamental and may form the primary basis for creating or establishing the stabilized materials such as gas anc 
gaseous precursor filled vesicles. For examole. surfactants and fluorosurfactants may be basic and fundamental ma- 
-*o terials for preparing stabilizing materials and vesicles. On the other hand, the materials may be auxiliary and act as 
subsidiary or supplementary agents which may enhance the f unctioningof the basic stabilizing material(s) : or contribute 
some desired property in addition to that afforded by the basic stabilizing material(s). 

[0123] It is not always possible to determine whether a given material is a basic or an auxiliary agent, since the 
functioning of the material is determined empirically, for example, by the results produced with respect to producing 

-5 stabilized materials or vesicles. As an example of how the basic and auxiliary materials may function, it has been 
observed that the simple combination of a lipid and water or saline when shaken wilt often give a cloudy solution 
subsequent to autoclaving for sterilization. Such a cloudy solution may function as a contrast agent, but is aesthetically 
objectionable and may imply instability in the form of undissolved or undispersed lipid oarticles. Cloudy solutions may 
also be undesirable where the undissolved particulate matter has a diameter of greater than about 7 urn. and especially 

so greater than about 10 urn. Manufacturing steps, such as sterile filtration, may also be problematic with solutions which 
contain undissolved particulate matter. Thus, propylene glycol may be added to remove this cloudiness by facilitating 
dispersion or dissolution of the lipid particles. Propylene glycol may also function as a wetting agent which can improve 
vesicle formation and stabilization by increasing the surface tension cn the vesicle membrane or skin. It is possible 
that propylene glycol can also function as an additional layer that may coat the membrane or skin of the vesicle, thus 

55 providing additional stabilization The conventional surfactants described by O'Arrigo. U S. Patent Nos. 4 684.479 ana 
5.21 5.630. the disclosures of each of which are hereby incorporated by reference herein in their entirety, may be used 
as basic or auxiliary stabilizing materials in the present invention 

[01 24] O'ls and ftuormated oils are auxiliary and basic stabilizing materials that may be used in the present invention 
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Suitable oils include, for example, soybean oil. peanut oil. canoia oil. olive oil. safflower o.) com oil a „,. ul u 
tonseed oil ethyi cleate. .sooropyl mynstate. isopropyl palm.tate. mineral oil mynstvi alcohol, cctyldoaecanoi Bl su 
oil. sesame oil. squalen* myns.yl oleaia. cetyl oleate. mynstyl palm.tate. or any other oil commonly known to be .n- 
gestible wh.cn ,s su.table for use as a stab.l.z.ng compound in accordance w.th tne teach.ngs here.n The ons des-nb^c 
herein may be fluonnated. such as tno.e.n with a fluorine if 2 ) gas. A "fluonnated o.r refers to an oil ,n wh.ch a , iea's. 
one hyd ocen atom of the oil ,s replaced w.th a Huor.ne atom. Preferably at least two or more of the hydrogen ator^s 
.n the oil are replaced w.th fluorine atoms. Other su.table fluonnated o.ls are descnbed. for example. ,n u s Patent 
! u I d ' SClOSUr9 of whlch ,s hereb V 'ncorporated by reference here.n ,n , ts ent.rety. Optionally, any of the 
oils descnbed here.n may be used ,n a composit.on w.th a b.oactive agent or added to the stabilizing matenal m crcer 
to c:ssolve the btoactive agent. 

(01 2S] Additional auxiliary and basic stabm7.n- 3 materais wh.ch may be used in the present invention are described 
for example, in U.S Application Sena) No. 08/444 754. Med May 15 i995. (he disclosure of wh.ch is hereby .ncorpo- 
rated herein by reference in its entirety. 

[01 26] Compounds used to make mixed micelle systems may be used as basic or auxiliary stabilizing materials anc 
include, for example. :auryltr,methylammon.um tromice (dodecyl-). cetyltnmethylammorium brom.ce (hexad=cyl- f 
myr.styltnmethylammonium bromide (tetradecyM, alkyldimethylbenzylammonium chforide (where alky! is C l2 C or 
C t6 .). benzyld.methyldodecylammonium brom.de/chlonde. benzyld.methyl hexadecylammonium bromide/chance 
benzyldimethyl tetradecy (ammonium brom.de/chlonde. cetyldimethylethyl-ammon.um orom.de/chfor.de or cetviovnd- 
in.um brom.de/chlcnde. 

[0127] It may be ooss.ble to enhance the stability of stabilizing mater.als cr vesicles by incorporating n the stabilizing 
materials and/or vesicles at ^east a minor amount, for example about 1 to about 10 mole percent, based on the tota< 
amount of hp.d employed, of a negatively charged lip.d. Suitable negatively charged lipids induce, for example phos- 
phatidyl-serine, phosphatide acid, and fatty acids. Without intending to be bound by any theory or theories of operation 
it .s contemplated that such negatively charged lipids provide added stability by counteracting the tendency of vesicles 
to rupture by fusing together. Thus, the negatively charged lipids may act to establish a un.form negatively charged 
layer on the outer surface of the vesicle. wh.ch will be repulsed by a s.miiarly charged outer layer on other vesicas 
which are proximate thereto. In this way. the vesicles may be less prone to come into touching proximity w.th each 
other, which may lead to a rupture of the membrane or skin ot the respective vesicles and consolidation of the comactmc 
ves.cles into a single, larger vesicle. A continuation of this process of consolidation will, of course, lead to significant 
degradation of the vesicles. 

[0128] The lipids used, especially in connection with vesicles, are preferably flexible. This means m the -on'ext of 
the present invention mat the ves.cles can after the.r snape. for example, to pass through an cpen.ng nav.ng a d.ameter 
that is smailer than the diameter of the vesicle. 

[01 29] I n preferred embodiments, the stabilizing material and/or vesicle composition may contam. «n whcio or in part 
a fluonnated (including perfluorinated) compound. Su.table fluonnated compounds include for example fiuornatec 
surfactants, including alkyl surfactants, and fluormateo amphiphtlic compounds. A wide variety ol such compounds 
may be employed, including, for example, the ciass of compounds which are commercially available as ZONYL'* 
flucrosurfactants {the DuPont Company. Wilmington. DE) including the ZONYL® phosphate salts le g [F 
(CF 2 CF 2 ) 3 . 3 CH 2 CH 2 0| 1 2 P(0)(0-NH 4 -) 21 ) which have terminal phosphate groups and ZONYL® sulfate salts which 
have terminal sulfate groups (e.g.. F(CF 2 CF 2 )3. 9 CH2CH 2 5CH 2 CH 2 N-(CH 3 ) 3 -OS020CH 3 ). Suitable ZONYL® sur- 
faciants also include, for example. ZONYL® fluorosurfactants identified as Telomer 3. including Telomer B fluorosur- 
factants which are pegylated (i.e.. have at least one polyethylene glycol group attached thereto) also known as PEG- 
Telomer B. available from the DuPont Company. Other suitable fluorosurfactants are described in U.S. Patent Nos 
5.276.146. 5.344.930 and 5.562.393. and U.S. Application Serial No 08/465.368. filed June 6. 1995. the disclosures 
of each of which are hereby incorporated by reference herein in their entirety. 

[0130] Other suitable fluorinated surfactants and fluorinated lipid compounds for use as the stabilizing material in 
the present invention are described in U. S. Application Serial No. 08/897. 21 5. filed July 2. 1 997. the disclosure of which 
is hereby incorporated by reference herein in its entirety. Suitable fluorinated surfactants and fluorinated lipids include 
the compounds of formulas HV). (V). (VI). (VII). (Vila), (VIM). (Villa). .IX). and (X). 

[0131] The staoilizing material may be a fluorinated fatty acyi derivative, such as. for example, that of formula (IV) 

CF 3-< CF 2>n-( CH 2>m- C (=°>-° H (IV) 

where n is an integer of from about 7 to about ^ 3. preferably from about 9 to about ii: and m ts an integer of from i 
to about 4. preferably 1 to about 2. 

[0132] The stabilizing material may be a PEG Telomer compound of formula (V): 
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C < F 2x.r( CH £V(° CH 2 CH 2V OH iV*. 

where x is an integer of from about 5 -o about 12 preferably from about 3 to about 10. more preferably about 9 dnc 
z is an integer of from about 3 to about 20. preferably from about 3 to about IS. still more preferably from about 3 tc 
about 12: even more preferably about 3 to about 10: most preferably about 9 

[01 33] The stabilizing material may be a fluonnated carbohydrate derivative, such as. for example, that of formula ( VI i 

c , r >x*r( CH 2 , 2-( OCH 2 CH 2),- 0 - A (VI) 

where x ts an integer of from about 6 tc about 1 2 preferably from about 3 to about 1 0: more preferably 9: z is an integer 
of from about 3 to about 20: preferably from about 3 to about 15. more preferably from about 3 to about 12: stil : mere 
preferaoly from about 8 to about 10: most preferably about 9. and A is a monosaccharide or a disaccnande Suitable 
monosaccharides and disacchandes induce, for example allose. altrose. glucose, dextrcse. mannose. glycercse. 
gulose idose. galactose talose fructose psicose. soroose rhamnose tagatose. nboso arabinose xylose lyxose 
nbulose. xylulose, erythrose. threose. erythruiose. fucose. sucrose, lactose maltose, isomaltose. trehalose, cellobiose 
and the tike. Preferably, the monosaccharide or disaccharide is giucose. dextrose, fructose, mannose. gafactose. glu- 
cosamine, galactosamine. maltcse. sucrose or 'actose. 

[0134] The staoilizing material may also be a fluonnated lipophilic derivative, such as. for example, that o( formula 
(VII). which includes the compounds described m U S Application Serai No. 03/465. 363. filed June 6. 1995. the dis- 
closure of which is hereby incorporated by reference herein in ts entirety. 

(Xi R,) x 

(Ri — X,) y — r 2 — Y — Rj — z 

I 

(X, R l)z 

(VII) 

where each of x. y and z is independently 0 or 1; each X, s independently -O-. -S-. -30-.-S0 2 - -NP 4 - -C(=X 2 )-. -C 
(-X 2 )-0-. -0-C(-X 2 )-. -C(^X 2 )-NR 4 - or -NR 4 -C(^X 2 )-. X 2 is O or 3. Y is a direct bond or -X 2 -M(^O)(0R s ) :| -O- where 
q is 1 cr 2: X^ is a direct bond or -O-: M is P or S: Z ts hydrogen, the residue of a hydrophilic polymer, a saccharide 
residue or.-N<R 6 ) f . where r is 2 or 3: each R, is independently an alkyl group of 1 to about 30 caroon atoms or a 
fluonnated alkyl group of 1 to about 30 carbon atoms: R 2 is a direct bond or an alkylene linking group of 1 to about 10 
carbon atoms: R 3 is a direct bond or an alkylene diradical of 1 to about 10 carbon atoms: each of R 4 and R s is inde- 
pendently hydrogen or an alkyl group of 1 to about 8 carbon atoms: and each Rg is independently hydrogen, an alkyl 
group of 1 to about 8 carbon atoms or a residue of a hydrophilic polymer: provided that at least one of x. y and z is 1 
at least one of R, is a fluonnated alkyl group of 1 to about 30 carbon atoms provided that when Rg is a direct bond, 
two of x. y and z are each 0. 

[0135] In formula (VII). each of x. y and z is independently 0 or 1. provided that at least one of x. y and z is i . in 
some embodiments, two of x. y and z are each 0. In other embodiments, one of x. y and z is 0 or 1 and the other two 
of x. y and z are each 1 . with one of x y and z being 0 and the other two of x. y and z being 1 being more preferred, 
in other embodiments, each of x. y and z is 1. 

[0136] Eacn X, is independently -O-. -S-. -SO-. -S0 2 -- -NR 4 - -C(=X 2 )-. 

•C(=X 2 .-0- -0-C(=X 2 )-. -C(=X 2 )-NR 4 -or -NR 4 -C(=X 2 )-. Preferably, each X, is independently 

-O- -S-. -C( = X 2 )-. -C( = X 2 )-0-. -0-C(=X 2 )-. -C(=X 2 )-NR 4 - or -NR 4 -C(=X 2 )-. More preferably, each X, is independently 
-C(=X 2 .-0* or -OC(=X 2 )-. most preferably -C(=X 2 )-0-. 
[01 37] Each X 2 is O or S. preferably O. 

[0138] Y 'S a direct bond or -X 3 -V1(=OHOR5) q -0-. where q is 1 or 2. Preferably. Y is -X 3 -lv1(=0)(OR s ) q O-. M is P or 
S. preferably P. X 3 is a direct bond or -O-. preferably, a direct bond. 
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[01 39] Z rs hydrogen atom, the residue of a hyaropn.f.c polymer, a saccnar.de residue or -N(R fi ) wnere r s ? . r i 
In preferred embodiments. Z is -N(R 5 ) f . 6 r " e s 2 or J 

IhlTin " R ' <S ' n - ependertl >' an alk * 9 r ^P of 1 to about 30 carbon atoms or a fluonnated alkyl group of • -c 
about 30 caroon atoms, provided that at !east one ol fl, ,, a fluonnated elkyl group of 1 to about 30 carbon L s 
.nus. when only one of x. y and z „ , R t „ necsssaniy a fluonnated alkyl group of 1 to about 30 ca ^on atom, 

s a flnnatL , t T , ?' ^ °' a ' ky ' ^ ° f 1 [ ° 3bOUt 30 Carbcn at °™ ^nd at least one o R 

is a fluonnated alxyf group of 1 to aoout 30 carbon atoms, in other embodiments each R ,e ^H^.nH. « 1 

alK y , g roupofitoabout30carbonatoms.When a , U onna t edam y ^^ 

a polyf-uonnated a,ky, g roup of , to about 30 carbon atom, w.th I Zuonn^^T^^ ^ 
atoms be.ng more preferred. When a fluonnated alky, group of 1 to about 30 caroon atoms, fl, is preferably C = 

i ; s 0 z:t 6 pre,eratty about 9 to ^ » *»« ^ * 

I* 3 d r Ct b ° n f ° r ^ a,kyl6ne ,ink ' n9 9f0LP 0f 1 to about 10 caroon ato ™ provided :hat when , s a 
direct bond, .wo of x. y and z are each 0. Preferably. R 2 ,3 a d.rect bond cr an alkytene linkmq group of , 'o abou a 

Ch! CH 2 6 P ^ 2 ' S 30 a ' ky!ene " nkinQ 9f0UP °' 3b0Ut 3 Carb0PS Even ^cre preferably. Rts Ch, 

[0142] R 3 is a direct bond or an alkylene d.rad.cal of t to about 10 carbons. Preferably. R 3 ,s a direct bond or an 

t^sszi vtz^x? atoms - More preferab,y - R ^ is an a!ky,ene 2 c -- d a t °oms n 

PrlteLr p* « h 980 at ° m 30 alkVl 9f0UP ° f 1 tQ ab ° Ut 3 Carb ° n at0ms or a of a hydroph !t ,c polymer 

Preferably. R 6 .s a hydrogen atom or an alkyl group of 1 to about 4 carbon atoms. More preferably R fi >s a hydroaen 
atom or a methyl group, w.th a methyl group be.ng even more preferred * nydr ° 9en 

fornl i^VZanT 1 aPP r rS m ° re than ° nCS m 3 Part,CUlar f ° rmU,a 0r subst '^nt. such as. for examoie ,r 
formula (VII). its meaning ,n each mstance .s independent of theother. unless otherwise .ndicated. This -ndeoendence 
of meaning 18 suoject to any of :he stated provisos. Also, when each of two or more adjacent symbols ,s defined a « 
single directed * ™ Uiple - dd » acent d,rect bonds - the ™ltiple and adjacent direct bonds devolve into * 

fror? l C Z hT,nH/' n n* d *' n *™ * 2 ,n f ° rmu ' a < V " > can b * the r «idue of a hydrophilic polymer Exemplary polymers 
from wh>ch 2 and/or P 6 can be derived mcude polymers in which the repeating units contain one or more hydroxy 
groups (polyhydroxy polymers), including, for example, polyvinyl alcohol): polymers in which the repeating units con 
am one or more ammo groups (polyamino pofymors,. ,nc:udmg. for example, oept.ces. polypeptides, protcrs anc 
lipoproteins, sucn as albumin and natural lipoproteins polymers ,n which the repeating un.ts conta.n one or more 
carboxy grouos (polycarboxy polymers), including, for example, carboxymethylcellulose. alg.nic acid and salts thereof 
such as sodium and calcum alginate, glycosam.noglycans and salts thereof, including sarts of hyaluronic ac.d pnos- 
phcryiated and sulfonated derivatives of carbohydrates genetic material such as mterleukin-2 and interferon and 
phcsphoroth,oate oligomers: and polymers , n which the repeating units contain one or more saccharide mo,et.*s 
(polysaccharide polymers), including, for example, carbohydrates. The molecular weight of the polymers from wh.ch 

iS 9eneraf,y ab ° Ut 50 '° abOUt 5 000 000 - PO'ymers having a molecular 
weight of about 100 to about 50.000 betng preferred. More preferred polymers have a molecular weight of about 1 50 
to about 10.000, with molecular weights ol 200 to about 8 000 being even more preferred 

[0147] Preferred polymers from when 2 and/or R 6 are derived include, for example, polyethylene glycol) (PEG) 
polytvinylpyrrohdine), polyoxomers. polysorbate and polyvinyl alcohol), w.th PEG polymers being particularly pre- 
in'nrt w ed . am ° ng ^ PE ° pol V mers a( * p ^ polymers having a molecular we.ght of from about 100 to about 
Jan preferabfy ' the PEG PO'y m efs have a molecular weight of from about 200 to about 8 000 with PEG 2 0C0 

PEG 5.000 and PEG £.000. which have molecular weights of 2.000. 5.000 and 8.000. respectively being even more 
pre erred. Other suitable hydrophilic polymers. <n addition to those exemplified above, will be readily apparent >o one 
skilled m the art based on the present disclosure. Generally, polymers from which Z and/or R- are derived include 
£S^Tr S * hal be incOT V° ratB « ,n th0 "uorinated amph.philic compounds via alkylation or acylat.on reactions 
[0148] As with the various polymers exempted above, the polymeric residues can contain functional groups m 
adcitton. for example. :o those typically tnvolved in link.ng the polymeric residues to the fluonnated amphophilic com- 
pounds. Such functionaltt.es include, for example, carboxyl. amine, hydroxy and thiol groups. These functional grouos 
on the polymeric residues can be further reacted, if desired, w.th materials wh.ch are generally react.ve with such 
functtonal groups and which can assist .n targeting spec.f.c t.ssues m :he body including, for example diseased tissue 
Exemplary materials wn.ch can be reacted with the add.t.onal functional groups include, for example proteins including 
antibodies carbohydrates, peptides glycopeptides. clycoiip-ds. lectins and nucleosides 
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[0149] In addition to residues ol hycropmlic polymers. Z in formula (VID can be a saccharide residue Exenorsr/ 
saccharides from which Z can be derived include, for example, monosaccharides or sugar alcohols, such as eryihrose 
trrsose. nbose. arabirose. xylose, lyxose. fructose, sorbitol, nannitol and sedoheptulose. with preferred -noncsac- 
chandes being fructose, mannose. xyiose. arabinose. manmtoi and sorbitol: and disacchandes. such as lactose su- 
crose, maltose and ceilobiose. Other saccharides include, for example, inositol ana ganglioside head groups Other 
suitable saccharides, in addition to those exemplified above, will be readily apparent to one skilled in the art based on 
the present cisclosure. Generally, saccharides from which Z is denvea include saccharides that can oq mcorporatec 
m the fluorinated amphiphilic compounds via alkylaticn or acylation reactions. 

[0150] Preferred fluorinated compounds that are withtn the scope of formula iVIl) are the r "luorinated comoounds ot 
the formula (Vila): 


CF 3 (CF 2 ) n (CH 2 ) m COCHCH 2 OPO (CH 2 ) m N(CH 3 ) 3 

I 

OH 

CH 2 OC (CH 2 ) m — ( CF 2 ) n — CF 3 

O 

(Vila) 

where n is an integer of from about 7 to about 13. preferably from about 9 to about 11 : and m is an integer of frcm 
about 1 to about 4. preferably 1 to about 2. 

[0151] The staoilizing material may also be a fluorinated amphiphilic morety of formula (VMI): 

(X,R,) X 

(Ri Xi) R 2 — Y R 3 z CCH 2 O(CH2CH 2 O) a CH2CH20CH2C0H 

I II II 

(X t Ri) z O O 

(VIII) 

where R v R 2 . R 3 . X t . Y. Z. x. y and z are as defined in formula (VII). including the preferred embodiments thereof: and 
wtiere e is an integer of from 1 to about 30. preferabfy about 3 to about 20. more preferably about 4 to about 16. still 
more preferably about 4 to about 12. most preferably about 7 to about 9. 

[0152] in a more preferred embodiment, the compound of formula (VIII) may be a compound of the formula (Villa). 
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CF 3 (CF 2 ) n (CH 2 ) m (CH 2 ) m (CF 2 ) n CF 3 

o=c c = o 

I I 

0 O o 

1 I II 

CHCHiOPOICH^NH— CCH 1 0(CH 1 CH l 01,CH 1 CI W XH 1 c Ol- 

L I I 

(VIHai ° 

r«1™ n m are aS d9fined ab0ve in formula (Vila and where e ,s as defined above in f o rm «-ia (Vtfi) 

[01 53] The stabilizing material may also be a flucnnated fa: ty acyl derivative, such as. for examp !e . that of formula (IX) 

CF,.j.T-C<=Ol-OH (|X) 
formula (Xv" ^ Stabil *' n9 ™ y be 3 ritJOnnated 'ipoohilic derivative, such as. for example, that of 

o o 
cr , I » 

CF3 ~ J — T — pQCHCH 2 OPO T — N(CH3>3 

OH 

CH 2 OC T J CF 3 


(X) 

intheabo^ 

(^f-2)pio-iC-C) pl1 -(CF 2 ) pl2 -.C-C) pl3 ..). where pi. p2. p3. p4. p5. p6. p7. p3. p9. piO. pn. pl2andpl3are independ- 
ently an .nteger of 0 ; 1 or 2: provided that the sum of (pi + p2 *. p3 + p4 + pS * 06 + p7 + P 8 ♦ o9 + P 10 + 9 n + P 12 
* pi 3) ts an integer of from about 7 to about 13. and provided that at least one of p2. p4. P 6 p8 piO or pi2 is an 
.nteger of at least 1: and where T is HC=C) M -(CH 2 )^C=C) t:) - ( CH 2 ) t4 -). where 11. t2. t3. and t4are independently an 
integer of 0. 1 or 2: provided that the sum of (M + t2 ♦ i3 + t4) is an integer of from 1 to about 4 
[01 55] Other suitable fluortnated compounds that may be used as stabilizing matenals and/or vesicles are described 
m U.S. Patent No. 5.582.893. the disclosure of which :s hereby incorporated herein by reference m its entirety. For 
example, synthetic organic monomeric repeating units may be used to form polymers suitable as stabilizing materials 
including hycroxyacids. lactones, lactides. gfycol.des. acryl containing compounds, am.notriazol. orthoesters. anyh- 
dnces. ester imides. imides. acetals. urethanes. vinyl alcohols, enolketones. and organosilcxanes. 
(01 56] The method of introducing fluorine into any of these matenals is known in the art. For example the introduction 
of perfluoro-t-butyl moieties ,s described in U.S. Patent No. 5 234 680. the disclosure of which is hereby .ncorporatec 
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by reference herein in is entirety. These methods generally involve the reaction of perfluoroalkyl carbantons win nosi 
rrofecules as follows (CF 3 ) 3 C* + R-X — (CF 3 ) 3 C-R where Risa host molecule and X is a good leaving grouD sucn 
as bromine, chlorine, iodine or a sulfonato group After acding a leaving group to :he foregoing s;aoilizmg materia* 
using methods well known n the art. perftuoro-t -butyl moseties can then be easily mtroducea to these denvatizec 
* stabilizing materials as described above. Additional methods are <nown in the art for the introduction cf tnfluoromethyi 
groups into various organic compounds. For example trifluoromothyl groups may be introduced by rucleophihc per- 
Mucroatkylation using perfluoroaikyl-tnalkylsilanes 

[0157] Fluorine can be introduced into any of the aforementioned stabilizing materials or vesicles either m their 
monomenc or polymeric fcrm Preferably, fluorine moie r .ies are tntrocuced into monomers, such as fatty actds. amine 
'0 acids or pclymenzable synthetic organic compounds which are then oolymerized for suosequent use as stabilizing 
materials and/or vesicles. 

[0156] The introduction of fluorine into stabilizing materials ancJ/or vesicles may also be ^ccompltshec fcy forming 
vesicles m the presence of a perfluorocarbon gas Fo* example when vesicles are formed from proteins, such as 
human serum albumin in the presence of a perfluoroca-bDn gas ^uch as perfluoropropane. using machantcal cavcattcn 
'5 fluorine from the gas phase becomes bound to the pro.etn vesic es during formation. The. presence of fluorine m the 
vesicles and/or staoilizmg materials can be detected by NMR o- vesicle debns which has been purified from disruptec 
vesicles. Fluorine can also be introduced into stabilizing materials ard/or vesicles using other methods, such as son- 
ication. spray-drying or emulsification techniques. 

[0159] Another way in which fluorine can be introduced into ihe stabilizing material and/or vesicle is by using a 

20 fluorine-contamirg reactive compound. The term "reactive compound" refers to compounds which are capable of in- 
teracting wrth the stabilizing material and/or vesicle in such a manner nat fluorine moief.es become covatemiy attached 
to the stabilizing material and/or vesicle. When >he stabilizing material is a protein, preferred reactive compounds are 
either alky I esters cr acyl halides which are capable of reacting with the protein's amino groups to lorm an amide linkage 
via an acylatron reaction. The reactive compound can be mtrodjeed at any stage during ves;cfe formation, but is pref- 

25 eraoly added to the gas phase prior to vesicle formation. For example when vesicles are to be made using mechanical 
or Lltrasound cavitation techniques, the reactive compound can be added to the gas phase by bubbling the gas to be 
used m the formation of the vesicles i starting gas) through a solution of the reactive compound into the gas phase. 
The resultant gas mixture, which now contains the starting gas and the reactive compound, is then used to form vesicles. 
The vesicles are preferably formed by sonication of human serum albumin in the presence of a gas mixture, as describee 

JO m U.S. Patent No. 4.957.656. the disclosure of which is hereby incorporated herein by reference in its entirety. 

[01 60] Suitable fluorine containing alkyl esters and acyl halides for use as stabilizing materials and/or vesicle fcrm in g 
materials in the present invention include, for example, diethyl hexafluoroglutarate. diethyl tetrafluorosuccmate. methyi 
heptafluorcbutyrate. ethyl heptaftuorobutyrate. ethyl pentafluoropropionate. methyl oentafluoropropicnate. ethyl per- 
il ucrooctanoate. methyl perfluorooctanoate. nonafluoropcntancyl chloride, perfluoropropionyl chloride, hexaflucroglu- 

J5 taryl chloride and heptafluorobutyryl chloride. 

[0161] Other flucrtne containing reactive comoouncs can also be synthesized and used as the stabilizing materials 
anc/or vesicle forming materials in the present invention including, for example, aldehydes, isocyanates. isothiocy- 
anates epoxides sulfonyl halides anhydrides acid ha; ides and alkyl sulfonates, when contain perfluorocarbon moi- 
eties, including -CF 3 . -C 2 F 5 . -C 3 F 4 and -C(CF 3 ) 3 These reactive compounds can be used to introduce fluorne moieties 

•io into any of the aforementioned stabilizing materials by choosing a combination which is appropriate to achieve covalent 
attachment of the fluorine moiety. 

[0162] Sufficient fluorine should be introduced to decrease the permeability of the vesicle to the aqueous environ- 
ment. This will result in a slower rate of gas exchange with the aqueous environment which is evidenced by enhanced 
pressure resistance. Although the specific amount of fluorine necessary to stabilize the vesicle will depend on the 
•is components of the vesicle and the gas contained therein, after introduction of fluorine the vesicle will preferably contain 
0.01 to 20°o by weight, and more preferably about 1 to 10% by weight fluorine. 

[0163] it may be desirable to use a fluonnated liquid, especially a liquid perfluorocarbon or a liquid perfluoroether. 
which are liquids at the temperature of use. including, for example, the in vivo temperature of the human body, to assist 
or enhance the stability of the gaseous precursor filled compositions of the present invention. Suitable liquid perfluor- 

$0 ocarbons and liquid perfluoroethers include, for example, perfluoroheptane. perftuorooctane. perfluorononane. per- 
fluorodecane: perfluorodecalin. perfluorododecalin. perfluorooctyl iodide, perftuorooctylbromide. perfluorotripro- 
pylamme. perflucrotributylamine. perfluorobulylethyl ether bis(perflucrcisopropyl) ether and bis(perfluoroprooyl) ether 
Among these, perfluorooctylbromide is preferred. Although not intending to be bound by any theory of operation, m 
the case ol vesicle compositions, the ftuorinated liquid compound may be situated at the interlace between the gas 

« ana the membrane or wall surface of the vesicle. Thus an additional stabilizing layer of fluorinated liquid compound 
may be formed on the internal surface of the stabilizing composition and this fluorinated liquid compound layer may 
also prevent the gas from diffusing through the vesicle membrane. 

[0164] Prelerred surfactants which may also be used in the compositions of the present invention are partially f'uor- 
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mated phospnocholine surfactants, in these preferred fluormaied surfactants, the dual alkyl compounds may ce -.ur- 
inated at the term.na. alkyi cha.ns and the proximal caroons may oe hydrogenated. These fluonnaied phosphocnohne 
surfactants may oe used for mak.ng the stab.lizmg matenals and/or vesicles of the present .nventicn 
[0165] Pre erred emood.ments of the present ,nvent:on nvo.ve vesicles which compr.se three components t n 
neutral p.c. for example a nonion.c or zw.tter.onic l.p.d. (2) a negatively charged hpid. and (3) a lip* beanng a stao.i.zinc 
maien-l. for example, a hydroph.l.c polymer. Preferably, the amount cf the negat.vely cnarged l,p,d w.ll be greater 'han 
fh^ihnT 6 "T" 1 th9 f t0la ' i,P ' d PrSS9nL thS amOUnt ° f lip ' d b9ann 3 a hydroph,lic polymer wiN be greater 

ohat.d.c ac* T TZT 9 l,P ' d PmSent £XemP,ary Pr9,3rred neQattV6, y charged hp*, .nclude ohos- 
phat.d.c acids. The hp,d bearing a nydroph.lic polymer w,M desirably be a lipid covalemly linked to the polymer, and the 
po.ymer w.ll preferably nave a weight average molecular we.ght of from about 400 to about 1 00.000 Suitable hydroph.l.c 
polymers are preferably selected from the grcup ccns.st.ng of ^ethylene glycol (PEG) polypropylene glycol po^vin v . 
alcohol, and polyvinyl oyrrolidone and copolymers thereof with PEG polymers being preferred Preferably the P^G 
polymer has a molecular weight of from about 1 0C0 to * 30 u: 750C with molecular we.ghts of from about 2000 to about 
50C0 being more preferred. The PEG or other poiymer mny be bound to the lipid, for example. OPPE tnrough a ccvalent 
bond^such as an am.de. carbamate or amine linkage n addition the PEG or other polymer may be linked to a tarqet.nc 
hgand^or other phospholip.ds. with a covalent bond mclud.rg for example. am,de. ester ether, th.oester. tn.oarr.de or 
disulfide bonds. Where the hydrophilic polymer is PEG a l.p.d bearing such a polymer will be sa.d to be 'pegylated - 
In preferred form the lioid bearing a hydroph.l.c polymer may be OPPE -PEG including, for example OPPE PEG50C0 
which refers to OPPE having a polyethylene glycol pc-ymer of a mean we.ght average molecular we,ght of aoout 500C 
rS'SlES^ SUtable P69yiated hPld ,S — VP-sohat.dylethanolamine-polyeth- 
SJfS ' n . preferred em bodiments of the present .nventicn. tne lipid compositions may include about 77 5 nole°* e 
2T ?in ?" 3 r 019 ^ ° f ? . PA " 10 m0f6% ° f DPPE - p eG5000. Also preferred are composes wh.ch comprise 
about 90 to about 90 mole% DPPC. about 5 to about 1 5 mole% OF PA and about 5 to about 1 5 mole% DPPE-PEG50C0 
Especially preferred are compositions which comprise DPPC. OPPA and DPPE-PEG5000 in a mole% ratio of =2 10 
3. respectively. DPPC .s substantially neutral, since the phosphatidyl portion is negatively charged and the choline 
portion is positively charged. Consequently. OPPA. which is negatively charged, may be added to enhance stabilization 
m accordance with the mechanism described above. DPPE-PEG prcv.des a pegylated material bound »o m« i.pic 
membrane or skin ol the vesicle by the OPPE moiety w.lh the PEG moiety free to surround the vesicle membrane or 
skin, and thereby form a physical barrier to various enzymatic and other endogenous agents in the body whose function 
is to degrade such fore.gn materials. The DPPE-PEG may provide more vesicles of a smaller size which are sare anc 
stable to pressure when combined with other l.pids. such as DPPC and DPPA. in the grven rat IO s ft is also theonzec 
that the pegylated material, because of its structural similarity to water, may be aole to defeat the action ol the macro- 
phages of the human immune system, which would otherwise tend to surround and remove the foreign object The 
result is an increase in the time during which the stabilized vesicles may function as diagnostic .maging contrast med.a 
[0167] The terms -stable' or "stabilized" mean that the vesicles may be substant.ally resistant to degradation includ- 
ing, for example, less of vesicle structure or encapsulated gas. gaseous precursor and/or b.oact.ve agent for a jse'ui 
penod of time. Typically the vesicles employed in the present invention have a desirable shelf life often retaining at 
least about S0* o by volume of its original structure for a period of at least about two to three weeks under norma, 
ambient conditions. In preferred form, the vesicles are des.rabfy stable for a penod of time of at least about 1 mon'h 
more preferably at least about 2 months, even more preferably at least about 6 months, still more preferably about 
eighteen months, and yet more preferably up to about 3 years. The vesicles described herein, including gas and/or 
gaseous precursor filled vesicles, may also be stable even under adverse conditions, such as temperatures and pres- 
sures which are above or below those experienced under normal ambient conditions. 

[0168} The gas and/or gaseous precursor filled vesicles used in the present invention may be controlled according 
to size, solubility and heat stability by choosing from among the various additional or auxiliary stabilizing materials 
described hereto. These materials can affect the parameters of the vesicles, especially vestcles formulated from lipids 
not only by their physical interaction with the membranes, but also by their ability to modify the viscosity and surface 
tension of the surface of the gas and/or gaseous precursor filled vesicle. Accordingly, the gas and/or gaseous precursor 
filled vesicles used in the present invention may be favorably modified and further stabilized, for example, by the 
addition of one or more of a wide variety of (i) viscosity modifiers, including, for example, carbohydrates and their 
phcsphorylated and sulfonated derivatives: polyethers. preferably with molecular weight ranges between 400 anc 
1 00.000: and di- and tnhydroxy alkanes and their polymers, preferably with molecular weight ranges between 200 anc 
50.000: <ii) emulsifying and/or solubilizing agents including, for example, acacia, cholesterol, diethanolamme. glyceryl 
monostearate. lanolin alcohols, lecithin, mono- and di-glycerides. mono-ethanolamine. oleic acid, oleyl alcohol, 
poloxamer. for example, poloxamer 183. poloxamer 184 poloxamer 131. PLURONICSO (BASF. Parsippany. NJ) poiy- 
oxyethylene 50 stearate. pclyoxyi 35 castor oil. polyoxyl 10 oleyl ether, polyoxyt 20 cetostearyl ether, polyoxyl 40 
siearate poiysoroate 20 pofysorbaie 40. poiysorbate60. poiysoroate 60. propylene glycol d .acetate, prooyiene givco 


25 


EP0 901 793 A1 


rronosiearate. sodium lauryl sulfate, sodium stearate. sorbitan moro-Jaurate sorbitan rronooieaie. soroitan .-rcno- 
patmitate. sorbitan monostearate. stearic acid, trolamine and emulsifying wax: 

(h) suspending and/or viscosity-increasing agents, including, fcr example acacia, agar, algmic acid, aluminum mono- 
siearate bentomte. magma. carbcmer934P carboxymethytcellulose calcium and sodium and sodium 1 2. carrageen- 

5 an. cellulose dexlran. gelatin, guar gum. locust oean gum. veegum. hydroxyethyl cellulose, r.ydroxyprcpyl metnyl- 
ceHuiose. magnesium-aluminum-silicate. ZEOUTES®. mcthylcellulose. pectin polyethylene oxide, povidone propyl- 
ene glycol alginate silicon dioxide sodium alginate, tragacanth. xanthan gum. a*d-gluconolactone. glycerol anc man- 
nitcl: (iv) syntnetic suspending agents, such as polyethylene glycol (PEG), polyvinylpyrrolidone (PVP). polyvmylalcchoi 
tPVA). polypropylene glycol (PFG). and polysorbate and (v) tonicity raising agents which stabilize and acd tonicity. 

'0 including, for example sorbitol, mannitol trehalose sucrose propylene glycol and glycerol 

[0169] The present stabilizing materials and/or vesicles are desirably formulated in an aqueous envirorrrent which 
can induce the stabilizing material (e g... a lipid, because of its rydrcphobic-hydrophilic nature) to form vesicles which 
may be the most stable configuration which can be .-tihieved in such an environment The diluents which can be 
employed to create such an aqueous environment induce for example, water, tnctuding deionized water ncrnaf saline 

'5 physiological saline, or water containing one or more dissolved solutes, such as salts or suqars. Accordingly, when 
reference is made to heating the gaseous precursor filled compositions prior to administration to a patient, such heating 
preferaoiy includes heating the aqueous environment or milieu .n which the gaseous precursor filled compositions are 
contained. 

[01 70) The present invention describes methods of providing images of regions of a patient diagnosing the presence 

20 of oiseased tissue m a patient and delivering bioactive agents (with or without the use of a targeting ligandi to a patient 
by administering to the patient a composition ccrrprtsing a gaseous precursor. Preferably, the gaseous precursor is a 
flucnnated compound, which includes compounds containing one or more fluorine atoms. Suitable fluomateo com- 
pounds for use as gaseous precursors in the present invention include, for example, perfluorocartons. perfluoro ethers, 
hexafluoroacetone. 1.3-dicnlorotetrafluoroacetone. tetrafluoroallene. boron trifluoride. T 2.3-trichioro-2-fluoro- 

2S 1.3-butadiene. hexaftuoro-1.3-butadiene. 1-fluorobutane.perfluorobutane. decafiuorobutane. perfluoro-1 -butene.per- 
fluoro-2-butene. 2-chloro-l.l.l.4.4.4-hexafluoro-butyne.2-chloro-l .1 .1 4.4.4-hexafluoro-2-butene. perfluoro-2-bu- 
tyne. octafluorocyciobutane. pertluorocyclobutene. perfluorocyciobutane. perftuorocyclopentane. octafiuorocyciopen- 
tene. perfluorocyciopropane. 1 . 1 .1 -tnftuorodiazo-ethane. nexafluorodimeihyiamine. perfluoroe thane, perfluo'opro* 
pane, perfluorocyciopropane. perfluoropentane. perfluorocyclopentane. perfluorohexane. oerfluorocyclohexane hex* 

^0 afluoro-ethane. hexafluoropropylene. 1. 1 .2.2.3.3.4.4-cctaffuorobutane. 1 1.1 3.3-pentafluorobutane. octafluoropro- 
pane. octafluorocyclopentene. 1.1-dichiorofluoroethane. hexafluoro-2-butyne. octaftuoro-2-butene. hexafluorobuta- 
1.3-diene. pertluorodimethylamine. 4-methyM . 1 .1 .2-!etrafluoroethane. 1 . 1 .1 -tnfluoroethane. 1 . 1 .1 2.2-tetrafluor- 
oethane. i.i 2-tnchloro-l .2. 2 -tnfluoroethane. 1.1 1 -tnchloro-2 2 2 -tnfluoroethane. 1 . 1 -dichloro-1 .2-difluoroethylene. 
1 .1 -dichloro-1 2 2.2-tetrafluoroelhane. l-chioro-1 1 .2 2.2-pcntafluorccthano. 1 . 1 -d if luoro-2-chlcroc thane, i 1 -dichlo- 
ro-2-fluoroethane. dichloro-1. 1.2.2-tetrafluoroethane. l-chloro-i i 2 2-ietraflucroethane. 2-chloro-l.l -difluoroethane. 
1 1.2-trifluoro-2-chloroethane. 1.2-difluoro-chloroethane. chloropentafluoroethane. dichlorotnfluoroethane. fluor- 
oethane. mtropentafluoro-ethane. nitrosopentafluoroethane. perfluoroethylamine. 1 2-dichloro-2.2*difluoroelhane. 
1 1 -dichloro-1 2-difluoroethane. 1 2-dichloro-i 1 3-tnfluoropropane 1 2-difluoroethane. 1 2 -difluorc ethylene, tnfluor- 
omethanesulfonylchloride. trifluoromethanesulfenylchloride. (pertafluorothio)triftuoromethane. tnfluoramethanesulfo- 

*o nylfluonde. bromodifluoronitroso-methane. bromofluoromethane. bromochlorodifluoromethane. bromochlorofluor- 
omethane. bromotriffuoromethano. bromotnfluoroethane. chlorodifluoronitromethane. chlorofluoro-methane. chtorot- 
rifluorom ethane, chtorodifluoromethane. dibromcfluoromethane. dibromodifluoromethane. dichlorodiflucromethare. 
dichlorofluorom ethane. 1 -bromoperf luorobutane difluorom ethane, difluoroiodomethane. Nuoromethane. perfluor- 
omethane. iodotrifluoromethane. ioootrifluoroethylene. nitrotnfluoromethane. nitrosotrtfluoro-methane. tetrafluor- 

j s omethane. tnchlorofluoromethane. trifluoromethane. perftuoropent-1 -ene. 1 .1.1 2 2 3-hexafluoropropane. 22-difiuor- 
opropane, heptafluoro-1-nitropropane. heptafluoro-1-mtrosopropane. heptaftuoro-2*iodopropane. perfluoroprcpane. 
hexafluoropropane. 1 .1 , 1 2.3.3-hexafluoro-2.3-dichloropropane. i -bromo-1 .1 2.3.3.3-hexafluoropropane. i -bromop- 
erfluoropropane. 2-chloropentafluoro-i 3-butadiene. 3-fluoropropane 3-Huoropropylene. perfluoropropylene. perfluor- 
otetrahydropyran. perfluoromethyttetrahydrofuran. perfluorobutylmethyl ether, perftuoromethyl-n -butyl ether, perfluor- 

50 omethylisopropyl ether, perfluoromethyl-t-butyl ether, perfluorobutylethyl ether, perfluoromethylpentyl ether. 3.3.3-tnf- 
luoropropyne, 3-fluorostyrene. sulfur (di (-decaf luoride (S 2 F )0 ). sulfur hexafluoride. selenium hexafluonde. trifluoroac- 
etonitnle. trifluoromethylperoxide. triflucromethylsulfide. tungsten hexafluoride. 1 -bromononafluo rob u tana. 1 -chloro- 
i-fluoro-1-bromomethane. i-bromo-2.4-difluorobenzene. 2-iodo- 1.1.1 -tnfluoroethane. bromine pentafluonde. per- 
fluoro-2-methyl-2-pentene. 1.1.1.3.3-pentafluoropentane. 3-fluorobenzaldehyde. 2-fluoro-5-nitrotoluene. 3-flucrosty- 

55 rene. 3 5-difluoroaniline. 2 2 2-triftuoroethylacrytate. 3-(trifluoromethoxy)acetophenone. bis(perfluoroisopropyl) ether 
his(perftuoropropyl) ether, perfluoroisobutylmethyi ether perfluoro n-propylethyl ether perftuorocyclobutyimethyl ether, 
perfluorocyclopropyl ethyl ether, perttuoroisopropy (methyl ether, perfluoro n-propyl methyl ether, pertluorodiethyl ether, 
p a rtluorocydop ropy im ethyl ether perfluoromethylethyi ether perfluorodim ethyl ether and mixtures thereof 
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[0171] More preferably, the gaseous precursors .nclude. for example, fluonnaied carbons, perfluorocarbons sulfur 
hexafluoride. perfluoro ethers and combinations tnereof. As the skilled artisan will appreciate a particular f'uorratec 
compound, such as sulfur hexafluoride. a perfluorocarbon or a perfluoro ether nay exist in the liquid sta'e when the 
compositions are first made, and are thus used as a gaseous precursor Whether the fluonnated compound is a iicuc 
generally depends on its liquid/gas phase transition temperature, or boiling point. Per example, a preferred perfluoro- 
carbon. perfluorcpentane. has a liquid'gas phase transition temperature (boding point) of 29 5'C This means that oer- 
flucropentane ,s generally a liquid at room temperature [about £5'C). but is convened to a gas within the human body, 
(he normal temperature of wh.ch is about 37*C. which is above the trans.tion temperature of perfluoropertane Thus 
uncer rormai circumstances, perfluoropentane is a gaseous precursor As known to one skilled in the an the effective 
boiling point of a substance may be related to the pressure to wh.ch that substance is exposed This relationship , s 
exempltfiea by the ideal gas law PV = nRT. where P is pressure. V :s volume n is moles of suostance. R is the ga< 
constant, and T is temperature. The ideal gas law indicates that as pressure increases, the effective boding point alsc 
increases. Conversely, as pressure decreases, the effective baling point decreases 

[0172] Fluorocaroons for use as gaseous precursors m the compositions of the present invention nclude partially 
or fully fluonnated carbons, preferably perfluorocarbons that are saturated, unsaturated or cyclic. The preferred per- 
flucrocarbcns include, for example, perfluoromeihane. perfluoroethane. perfluoropropane. perfluorocyciopropane per- 
flucrobutane. perfluorocyclobutane. perfluoropentane perfluorccylcopentane. perftuorohexane. perfluorccyc ohex- 
ane. and mixtures thereof. More preferably, the perflucrocarbcn is perfluorohexane. perfluoropentane perfluoropro- 
pane or perfluorobutane. 

[0173] Preferred ethers include partially or fully fluonnated ethers, preferably perfluonnated ethers naving a boiling 
point of from about 36'C to aoout 60*C. Fluonnated ethers are ethers m which one or more hydrogen atoms is reptacec 
by a fluorine atom Fluonnated ethers have the general formula CX 3 (CX,) n -0-(CX 2 ) fl CX T where.nX is a hydrogen 
atom, a fluorine atom or another halogen atom provided that at :east one of X is a fluorine atom. More preferably, each 
X is a fluorine atom. Generally, fluonnated ethers containing about 4 to about 6 carbon atoms will have a boiling point 
within the preferred range for the invention, although smaller or larger chain fluonnated ethersumay also be^empioyec 
m appropriate circumstances. Preferred perfluonnated ethers for use as gaseous precursors m the present invention 
include, for example, perfluorotetrahydropyran. pert luoromethyitecrahydrofu ran. oerfluorobutylmethyl ether (eg., per- 
fluoro t-butylmethyl ether, perfluoro isobutyi methyl ether, perfluoro n -butyl methyl ether), perfluoropropylethyt ether 
(e.g.. perfluoro isopropyl elhyl ether, perfluoro n-propyi ethyl ether), perfluorocyclobutylmethyf ether, perfluorocydo- 
propylethyl ether, perfluoropropylmethy! ether (e.g.. perfluoro isopropyl methyl ether, perfluoro n-propyl methyl ether), 
perrluorodiethyl ether, perfiuorocyclopropylmethyl ether, perfluoromethylethyl ether and perfluorodimethyl ether. 
[01 74] Other preferred perfluoroether analogues contain between 4 and 6 carbon atoms, and optionally contain one 
halide ion. preferably Br 1 - For example, compounds having the structure C„F y H,OBr. where n is an integer of from i 
to about 6. y is an mtegor of from 0 to about 13. and x is an integer of from 0 to about 13. are useful as gaseous 
precursors- Examples of useful gaseous precursors having this formula include perfluoropropyloxylbromide and 2-bro- 
mooxy perfluoropropane. 

[01 75] Other preferable fluorinated compounds for use as gaseous precursors in the present invention are sullur 
hexafluoride and heptafluoropropane, including 1 1 i 2.3 3 3-heptafiuoropropane and its isomer. 1 i 2.2 3 3 3-hep- 
tafluorcpropane Other fluorinated compounds that may oe used as gaseous precursors in the present invention include 
compounds comprising a sulfur atom, including compounds of the formula CF-,-(CF 2 ) n -SF s or SF s -(CF 2 ) n -SF s . where 
n is an integer of from 1 to about 10. 

[01 76] Mixtures of different types of compounds, such as mixtures of a fluorinated compound (e.g. . a perfluorocarbon 
or a perfluoroether) and another type of gas or gaseous precursor can also be used in the compositions of the present 
invention. Other gases and gaseous precursors are well known to one skilled m the art. 

[0177] Generally preferred gaseous precursors undergo phase transition to gas at a temperature up to about 60°C. 
preferably from about 25°C to about 52° C. preferably from about 37 tt C. to about 50°C. more preferably from about 
38°C to about 48°C. even more preferably from about 33°C to about 46°C. stilt even more preferably from about 3S°C 
to about 44°C, even still mere preferably from about 38*C to about 42°C. Most preferably, the gaseous precursors 
undergo a phase transition at a temperature of about less than 40°C. As will be recognized by one skilled in the art. 
the optimal phase transition temperature of a gaseous precursor for use in a particular application will depena upon 
considerations such as. for example, the particular patient, the tissue being targeted, the nature of the physiological 
stress state (i.e.. disease, infection or inflammation, etc.) causing the increased temperature, the stabilizing material 
used, and/or the bioactive agent to be delivered. 

[0178] Additionally, one skilled in the art will recognize that the phase transition temperature of a compound may be 
affected by local conditions within the tissue, such as. for example, local pressure (lor example, interstitial, mterfacial. 
or other pressures m the region). By way of example, if the pressure within the tissues is higher than ambient pressure 
this will be expected to raise the phase transition temperature. The extent of such effects may be estimated using 
standard gas law predictions, such as Charles' Law and Boyle's Law. As an approximation, compounds having a 'iquid- 
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to-gas ohase transition temperature between about 30*C and about 50*C can be expected to exhiort about a i : C 
increase in the phase transition :emperature (or every 25 mm Hg increase in pressure For example, the liquid-io-gas 
phase transition temperature (boiling point) of perfluoropentane is 29 5 S C at a standard pressure of about 760 rrm 
Hg. but the boiling point is about 20.5'Cat an interstitial pressure of 795 mm Hg. 

' [0179] Materials used in stabilizing the gaseous precursor, ciscussed herein, may also arfec: the phase transition 
terrperaturs of the gaseous orecursor in general, tho stabilizing material is expected to increase the phase transition 
temperature of the gaseous orecursor. In particular, a relatively rigid polymeric material, such as. for example, polycy- 
ancmethacrylate. may have a significant effect on the ohase transition temperature of the gaseous precursor Such 
an effect must be considered m the selection of the gaseous precursor and the stabilizing material. 

to [0130] The gaseous precursors and/or gases are preferably incorporated in the stabilizing materials and/or vesicles 
irrespective of the physical nature of the composition Thus, it is contemplated that the gaseous precursors and/or 
gases may bo incorporated for example, in stabilizing materials in which the stabilizing materials are aggregatec 
randomly, such as emulsions, dispersions or suspensions, as wetl as in vesicles, including vestcfes which are formjiatec 
from lipids, such as micelles and liposomes. Inccrpora-ion of the gases and/or gaseous precursors in the stabilizing 

15 materials and/or vesicles may be achieved by using any of a number of methcds. 

[0181] In addition, a gas may be bubbled directly into an acueous mixture of stabilizing materials and/or vesicle- 
forming compounds. Alternatively, a gas instillation method can be used as disclosed, for example, in U.S. Patent Nos. 
5.352.435 and 5.228.446. the disclosures of each of wmch are hereby incorporated herein by reference in their entirety. 
Suitable methods for incorporating the gas and/or gaseous precursor in canonic lipid compositions are disclosed also 

M m U.S. Patent No. 4.565.336. the disclosure of which is hereby incorporated herein by reference in its entirety. Other 
methods would be apparent to one skilled m the an based on the present disclosure. Preferably, the gas may be instilled 
in the stabilizing materials and/or vesicles after or during the addition of the stabilizing material and/or during formation 
of vesicles. 

[0182] The compositions and stabilizing materials of the present invention may also comprise or be used in combi- 
<?s nation with a bioacttve agent. Suitable bioactive agents include, for example, antineoplastic agents, blood products, 
biological response modifiers, anti-fungal agents, hormones, steroids, vitamins, peptides, peptide analogs, enzymes, 
anti-allergenic agents, anti-coagulation agents, circulatory agents, anti-tubercular agents, anti-viral agents anti-angirai 
agents, antibiotics, anti-inflammatory agents, analgesics, anti-protozoan agents, anti-rheumatic agents, narcotics, car- 
diac glycoside agents, chelates, neuromuscular blocking agents, sedatives (hypnotics), local anesthetic agents, gen- 
Jo era) anesthetic agents, radioactive particles, radioactive ions. X-ray contrast agents monoclonal antibodies, poiyclorai 
antibodies and genetic material. 

[0183] Exemplary bioactive agents are listed below: however, the list is exemplary only and is not intended to linn 
the bioactive agents that may be usea in the present invention. 

[0184] Antineoplastic agents, include, for example, platinum compounds (eg., spiroplatin. cispiatin. andcarboplatin) 
j5 methotrexate, adnamycin. mitomycin c. ansamitocin. bleomycin bleomycin sulfate, cytosine arabinoside. arabmosyi 
adenine, mercaptooolylysine. vincristine, busulfan. chloramouol melohalan (e.g.. PAM. L-PAM or phenylalanine mus- 
tard), mercaptopunne. mitotane. procarbazine hydrochloride, dactmomycin (actinomycin O). daunorubicm hydrochlo- 
ride, doxorubicin hydrochloride, taxol. plicamycm (mithramycin) aminoglutethimide. estramustm.e "phosphate sodium 
flutamide. leuproiice acetate, megestrol acetate, tamoxifen citrate, testolactone. trilostane. amsacrine (m-AMSA) as- 
-to paraginase (L-asparaginase). Erwina asparaginase, etoposide (VP-16), interferon a-2a. interferon a-2b teniposide 
(VM-26). vinblastine sulfate (VLB), vincristine sulfate, and carzelesin. 

[0185] Blood products, include, for example, erythropoietin, parenteral iron, hemin and hematoporphyrins and their 
derivatives. 

[0186] Biological response modifiers, include, for example, muramyldipeptide. muramyitripeptide. microbial cell wait 
components, lymphokines (e.g. : bacterial endotoxin such as lipopolysacchande. macrophage activation factor), sub- 
units of bacteria (such as Mycobacteria. Corynebacteria). the synthetic dipeptide. N-acetyl-muramyl-L-afanyl-O-iso- 
glutamine. and prostaglandins. 

[0187] Antifungal agents, include, for example, ketoconazole. nystatin, griseofutvin. flucytosine (5-fc). miconazole, 
amphotericin B. ricin. and (5-iactam antibiotics (e.g.. sulfazecin). 

so [0188] Hormones and steroids, include, for example, growth hormone, melanocyte stimulating hormone, adrenocor- 
tiotropic hormone, dexamethasone. dexamethasone acetate, dexamethasone sodium phosphate, cortisone, cortisone 
acetate, hydrocortisone, hydrocortisone acetate, hydrocortisone cypionate. hydrocortisone sodium phosphate, hydro- 
cortisone sodium succinate, prednisone, prednisolone, prednisolone acetate, prednisolone sodium phosphate, pred- 
nisolone teoutate. orednisolone pivalate. triamcinolone triamcinolone acetonide. triamcinolone hexacetonide. triam- 

« cinolone diacetate. methylprednisolone. methylprednisotone acetate, methyiprednisolone sodium succinate, flun- 
soltde beaomethasone dipropionate. betamethasone sodium phosphate, betamethasone, vetamethasone disodicm 
phosphate, vetamethasone sodium phosphate, betamethasone acetate, betamethasone di sodium phosphate, chtoro- 
prednisone acetate, corticosterone cesoxyconicosterone desoxycorticosterone acetate, desoxycorticosterone 
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pivaiate. desoximethasone. estradiol, ftudrccorttsone f'udroconisone acetate, dichlonsone acetate Nuoror-ydroccm- 
sone. fluorometholone fluprednisolone. paramethasone. paramethasone acetate androsterone fluoxymesterone ai- 
dostercne. methandroslenolone. methylandrostenediol. methyl testosterone, norethandrolone. testosterone, testoster- 
one enanthate. testosterone prooionate. equilemn ecuilin. estraaol benzoate. estradiol dtpropionate. estnol. estrone 
estrone benzoate. acetoxypregnenolore. anagestone acetate, chlormadinone acetate, fiurocjestone acetate ry- 
droxymethylprogesterone. hydrcxymethyl-progesterone acetate, hydroxyprogesterone. hydroxyprogesterone acetate 
hydroxyprogesterone caproate. melengestrol aceiate. norrrethisterone. pregnenolone progesterone, ethynyl estradi- 
ol, mesiranot dimethisterone. ethisterone. ethynodiol diacetate norethmdrone. norethindrona acetate norethisterore 
fluccmolone ace:onide. flurandrenolone. flumsolide. hydrocortisone sodium succinate, nethylpredmsolone sodium 
succinate prednisolone phosphate sodium triamcinolone aceton:de hydroxydione sodium spironolactone oxardroio- 
ne. oxymetholone. prometholone. testosterone cypicnate. testosterone phenylacetate. astndiol cypionate anc 
norathynocrel. 

[0189] Vitamins, include, for example, cyanocobalamm nemoic acio. retinoids and derivatives thereof such as -eiino< 
palmitate. o.-tocopherci. naphthoquinone, choiecalciferol. folic acid and tetrahydrofolate. 

[01 901 Peptides and peptide analogs, include, for example, manganese super oxide disinutase. tissue plasminogen 
activator n-PA). glutathione, insulin, dopamine, peptide ligands containing RGD. AGD. RGE. KGO <GE or KOAGDV 
(Peptides with affinity for the GPIIBIMa recepton. opiate peptides, enkephalins, endorphins and their analogs, human 
chorionic gonadotropin (HCG) T corticotropin release factor (CRF) cholecystokinins and their analogs, aradykimns ano 
their analogs and promoters and inhibitors, elastms. vasopressins pepsins, glucagon substance P integrms. captopnl. 
enalaprii. lisinopnl and other ACE inhibitors adrenocorticotropic hormone (ACTH). oxytocin, calcitonins. igG or frag- 
ments thereof. IgA or fragments thereof IgM or Fragments thereof, ligands for Effector Cell Protease Receptors (all 
subtypes). ;hromom. streptokinase, urokinase. t-PA and all active fragments or analogs. Protein Kinase C and its bind- 
ing ligands. interferons (a-interferon. |5- interferon, y-interferon). colony stimulating factors (CSF). granulocyte colony 
stimulating factors (GCSF). granulocyte -macrophage colony stimulating factors (GM-CSF) ; tumor necrosis factors 
(TNF). nerve growth factors (NGF). platelet derived growth factors, lymphotoxin. epidermal growth factors, fibroblast 
growth factors, vascular endothelial cell growth factors, erythropoietin, transforming growth factors, cncostatm M. n- 
terieukms (i. 2. 3. 4. 5. 6. 7. 3. 9. 10. it and 12). metalloprotein kinase ligands. coilagenases and agonists and an- 
tagonists. 

[0191] Enzymes, include, for example, alkaline phosphatase, cyclooxygenase type I and agonists and antagonists 

[0192] Anti-allergenic agents, include, for example, amelexanox. 

[0193] Anti-coagulation agents, include, for example, phenprocoumon and heparin. 

[0194] Circulatory drugs, include, for example, propranolol. 

[0195] Antt- tubercular agents; include, for example para-ammosalicylic acid, isoniazid. capreomycn sulfate cyclo- 
serine ethambutol hydrochloride ethionamide, pyrazmamide. rifampin, and streptomycin sulfate. 
[0196] Anti-viral agents, include, for example, acyclovir, amantadine azidothymidme (AZT or Zidovudine), nbavir n 
anc vidarabine monohydrate (adenine arabmoside. ara-A), 

[0197] Anu-anginal agents, include, for example, dillazem. nifedipine, verapamil, erythritol tetramtrate. isosorbide 
dinitrate. nitroglycerin (glyceryl trinitrate) and pentaerythritoi tetranitrate. 

[0198] Antibiotics, include, for example, dapsone. chloramphenicol, neomycin, cefaclor, cefadroxil. cephalexin, ce- 
phradtne erythromycin clindamycin, lincomycin. amoxicillin, ampicillin. bacampicillin. carbenicillm. dicioxacilhn cycla- 
cillin. pictoxacillia hetacillia methicillin. nafcillin. oxacillin, penicillin G. penicillin V. ticarcillin . rifampin, and tetracycline. 
[0199] Anti-inflammatory agents and analgesics, include, for example, diflunisal. ibuprofen. mdometnacn 
meclofenamate. mefenamic acid ; naproxen, oxyphenbutazone. phenylbutazone, piroxcam. sulindac. tolmetin. aspirin 
and salicylates. 

[0200] Anti-protozoan agents, include, for example, chtoroquine. metronidazole, hydroxychloroquine, quinine, and 
meglumine antimonate. 

[0201] Anti-rheumatic agents, include, for example, penicillamine. 

[0202] Narcotics, include, for example, paregoric and opiates, such as codeine, heroin, methadone, morphine ano 
opium. 

[0203] Cardiac glycoside agents, include, for example, deslanoside. digitoxin. digoxin. digitaiin and digitalis. 
[0204] Chelates, include, for example, diethyiene tnamine pentaacetic acid (OTPA) and 1 .4.7. 1 0-tetraazocyciodo- 
decane-N'.N'.N'.N'-tetraacetic acid (DOTA). Any chelate that is generally used in conjunction with paramagnetic or 
radioactive metal ions may be used. 

[0205] Neuromuscular blocking agents, include, for example atracurium mesylate, gaiiamine triethtodide. hexaflu- 
orenium bromide, metocurine iodide, pancuronium bromide, succinylcholine chloride (suxamethonium chloride) 
tubocuranne chloride, and vecuronium bromide. 

[0206] Sedatives (hypnotics), include, for example, amobarbital. amobarbitai sodium, aprobarbital. outabarbitai so- 
dium chloral hydrate ethchiorvynol ethmamate. flura/epam hydrochloride, giutethimide methotrimeprazine hydro- 
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cntor.de. methypryion. midazolam hydrochloride paraldehyde, pentobarbital pentobarbital sodium onenobarbi-ai so- 
dium, secooarbital sodium, talbutal. temazepam. and triazolam 

[0207] Local anesthetic agents, include, for example, bupivacaine hydrochloride, chioroprocame hydrocrvonce 
docame hydrochloride lidoca.ne hydrochloride mep.vaca.ne hydrochloride, procaine hydrochloric*, and tetracaine 
hydrochloride. 

[0208] General anesthetic agents, include, for example, drocer.dol. etom.date fontanyl citrate with drooeridot ket- 
amtne hydrochloride, methohexital sodium, and thiopental sodium. 

[0209] Rad.oacttve particles or radioactive tons, include, for example, stront.um. rhenium, yttrium, technet.um anc 
cobalt. 

[0210] X ray contrast agents, include, for example X-ray contrast agents known in the art that contain heavy metals 
such as yttrium, ytterbium, lanthanides in chelaies or other lodinated materials, such as icthalamate. 
[0211] Genetic material includes, for example nucleic acids. RNA and DNA of either natural or synthetic ong.n 
including recombinant RNA and DNA and anttsense RNA and DNA: hammerhead RNA. ribozymes. hammerheac 
nbozymes. antigene nucleic acids both single and douole stranced RNA and DNA and analogs thereof nbooi-gonu- 
c!eotides. antisense nbooligo-nucleotides. deoxyribocligonudeotides. and antisense deoxyribootigonucieotides Other 
types of genetic material that may be used induce, for example, genes carried on expression vectors such as plasmids 
phagemids. cosmids. yeast artificial chromosomes (YACsV and defective or "helper- viruses, antigene nuc:eic acids 
both single and double stranded RNA and DNA and analogs thereof, such as phosphorothicate and phosphoroditmoate 
oligodeoxynucleotides Additionally, the genetic material may be combined, for example, with proteins or ether poly- 
mers. Other examples of genetic material include, lor example. ON A encoding at least a portion of LFA-3. DNA encoding 
at least a portion of an HLA gene. 0NA encoding at least a portion cf dystrophin. DNA encoding at least a portion of 
CFTR. DNA encoding at least a portion of lL-2. DNA encoding at -east a portion of TNF. and an antisense oligonucleotide 
capable of binding the DNA encoding at least a oortton of Ras. DNA encoding certain proteins may be used in the 
treatment of many different types of diseases^ For example, adenosine deaminase may be provided to treat ADA 
deficiency: tumor necrosis factor and/or interieukm-2 may be provided to treat advanced cancers: HDL receptor may 
be provided :o treat liver disease, thymidine kinase may be provided to treat ovarian cancer, bram tumors, or hiv 
infection: HLA-B7 may be provided to treat malignant melanoma: interleukin-2 may be provided to treat neuroblastoma 
malignant melanoma, or kidney cancer: interleukin-4 may be provided to treat cancer: HIV envmay be provided ic 
treat HIV infection, antisense ras/p53 may be provided to treat lung cancer, and Factor VI II may be provided to treat 
Hemophilia B. See. for example. Science 258:744-746 

[0212] The bioactive agents used in the present invention are preferably highly active in low concentrations. The 
targeting aspects of the invention further enable lower dosages to be used for therapy, since the effective concentration 
at the therapeutic site remains undiluted in the body. The amount of bioactive agent to be administered to a patient 
depones, for example, on the particular bioactivo agent, the method tn which the bioactive agent is being administered, 
and the age. sex. weight and physical condition of the patient. Generally, treatment is initiated with small dosages 
which can then be increased by small increments, until the desired effect under :he circumstances is achieved Addi- 
tionally, one skilled in the art may rely on reference materials, such as the Physician's Desk Reference, published by 
Medical Economics Company at Montvale, NJ 07645-1742 to determine the appropriate amount of a particular bio- 
active agent that may be administered to a patient. In accordance with the present invention, the bioactive agent is 
delivered to the patient (e.g.. in a region of the patient} for the purposes, for example, of treating a condition n e . a 
disease state, malady, disorder, etc.) in the patient. 

[0213] The bioactrve agent used in the present invention may be a prodrug, including the prodrugs described for 
example, by Sinkula et al.. J. Pharm. Set.. 64:181-210 (1975) and in U.S. Application Serial No. 08/887 215 filed July 
2. 1997. the disclosures of each of which are hereby incorporated herein by reference in their entirety. For example, 
the prodrug may be a compound of the formula (XI): 

FHXL-D (XI) 


where R is a fluorinated amphiphilic moiety: X is a linking group: p is an integer of 0 or 1 : and D is a bioactive agent. 
[0214] In the compound of formula (Xt). R is a fluorinated amphiphilic motety preferably a ftuorinated lipid or a fluor- 
inated surfactant More preferably. R is a compound of the formula (IV). (V). (VI). (VII). (Vila). (VIII). (Villa). (IX) or (X). 
which are described in detail above. The fluorinated amphiphilic moiety of formula (IV) may attach via the -CCOH group 
to the linking group or bioactive agent. The ftuormated amphiphilic moiety of formula (V) may attach via the -OH group 
to the linking group or bioactive agent. The fluorinated amphiphilic moiety of formula (VI) may attach via the sugar 
moiety "A" to the linking group or bioactive agent. For example, the "-CHO" group on the sugar moiety may be convertec 
to a -COOH group by methods known to one skilled m the art (e.g.. reacting the sugar with Br 2 +H 2 0 or with HN0 3 ) 
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Tnereafter. the sugar moieiy may be attached via the -COOH grcup lo the linking group or bioactive agent. The ,'iuor- 
mated ampniphilic moiety cf formula (VIII may attach via the Z group to the linking group or bioactive agent As discussec 
below, the 2 group may contain, for example, a -eactive carboxyl. amine, hydroxy! or thiol group that can attacn >q the 
linking group or bioactive agent. Alternatively, if the 2 group m formula (VII) is a saccharide residue, n may be attachec 
to the unking group or bioactive agent following :he method describee for the fluonnated amphiphihc rroiety of formula 
[VII The fluonnated amphipmlic moiety of formula (Vila) may attach via the -OH group (located on the pnosphoro-js 
atom) to the linking group or bioactive agent. The fluonnated amphiphilic moiety of formula (VIII) may attach via the 
-COOH grcup to the linking group or bioactive agent. The fluonnated amphiphilic mciety of formula 'Villa) may attach 
via the -COOH group to the linking group or bioactive agent. The fluonnated amphiphilic moiety of formula (IX) may 
attach via tne COOH group to the linking group or bioactive agent The fluonnated amphiphihc moiety of formula (X: 
may attach via the -OH group (located on the phosphorous atom) to the linking group or bioactive agent 
(0315] in the compound of formula (XI) X is a linking group when p is 1. Preferably. X is a biodegradable linking 
group selected from the group consisting of an amide group, an ester, group, an ether group, an anhydride group a 
disulfide group, an SC 2 NH group, an ammo group, a thio group and an alkyl group More preferably X is a linking 
group selected from the group consisting of -CONH- -NCONH- -C(=0)-0- -O-. -C(=0)-0-C(=0)- -S-S- -SO-NH- 
-NH-. -S- and -(CH 2 ) rt - where n is an integer of from 1 to about 12. preferably from 1 to about 3. more preferably from 
1 to about 4 

[0216] Alternatively, p isO. such that no linking group, perse, is in the compound. Generally, p can be 0 if the bioactive 
agent contains an amide group, an ester group an ether group, an anhydride group, a disulfide group, an 30 2 NH 
group, an amino group, a :h:o group or an alkyl group that can covalently oond to the fluonnated amphiphiiic moiety 
In view of the present discosure and with knowledge ol basic synthetic organic chemistry, one skilled in the art could 
readily determine whether any particular bioactive agent could be covalently bonded to a ft uorinated amphiphihc moiety 
without using a linking group. 

[0217] In the compound of formula (XI). C may be a wide variety of bioactive agents, including any of the, bioactive 
agents described above. Preferably, the oioactive agent is an antineoplastic agent, a hormone, a steroid, an anti-fungal 
agent, a peptide or a peptide analog. More preferably, the bioactive agent is dexamethasone. amphotericin S. adn- 
amyctn mitomycin c. taxol or tissue plasminogen activator (t-PA). 

[0218] in view of the present disclosure, and with knowledge of basic synthetic organic chemistry, one skilled in the 
art would readily recognise the locations on any particular bioactive agent, linking group and fluorinated amphiphihc 
moiety where attachments may be made to covalently attach the oioactive agent to the linking group and to attach the 
linking group to the fluorinated amphiphilic moiety (when p is 1 in the compound of formula (XI)) or. alternatively tc 
covalently attach the bioactive agent to the fluorinated amphiphilic moiety (when p is 0 in ;he compound of formula 
(XI)). For example. -OH. -COOH. -NH or -SH groups which are present on a bioactive agent a linking grouo or a 
fluorinated amphiphihc moiety are obvious points at which the bioactivo agent, linking group and fluonnated amphiphilic 
moiety may be attached to each other. 3ioactive agents generally have -OH. -COOH. -NH or -SH terminal groups at 
one or more locations, any of which may serve as the point of attachment to the linking group or bioactive agent if the 
bioactive agent, linking group or. fluorinated amphiphihc moiety does not nave a -OH. -COOH. -NH or -3H terminal 
group oasic synthetic adcition chemistry, which is well known to one skilled in the art can be used to introduce an 
-OH group into the compound, which would then serve as a suitable point of attachment. 

[0219] General schemes for synthesizing the prodrugs described herein are shown below. One skilled m the art will 
readily appreciate that certain modifications may be necessary, depending on the presence or absence of labile groups 
on the underivatized bioactive agents. As discussed above, the modifications may take the form, for example, of adding 
protecting or blocking groups to chemically reactive side groups or additions ot reactive -COCH. -OH. -NH 2 or -SH 
groups for coupling. 

[0220] Preliminarily, the fluorinated amphiphilic compounds are purified by dissolving in an appropriate organic sol- 
vent and heating in the presence of a small amount ol activated charcoal. The solvents are then removed via vacuum 
evaporation. Appropriate organic solvents include, for example, ethyl acetate, acetonitnle. tetrahydrofuran. dichlo- 
roethane. acetone, toluene, methylene chloride or an alcohol having about 5 carbon atoms or less. If necessary to 
provide a reactive end. the fluorinated amphiphiles may then be exposed to an activating agent. Details of the various 
activations and coupling reactions are given by the following general schemes. 

[0221] In all cases below. "R" designates a fluorinated amphiphilic moiety, including, for example one or more of 
those cf formulas ill). (III). (IV). (V). (VI), (VII) and/or (VIII) described herein. "BIOACTIVE" designates any suitable 
bioactive agent, including :hose described herein. The linkage between the R group and the BIOACTIVE agent may 
be a linking group "X" as defined herein (e.g.. a compound of formula (XI) where p is M cr may be a reactive moiety 
on the bioactive agent (e g.. a compound of formula (XI) where p is 0). 
[0222] Amide linked prodrugs 
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R-COCI + BIOACTlVE-NH 2 - R-CCNH-8IOACTIVE 

R-NCO + 8IOACTfVE-NH 2 - R-NCONH-8IOAC7IVE 

[0223] Ester linked prodrugs 
,0 R-COCI + 3IOACTIVE-OH R-CGC-6IOACTIVE 

R-CCOH ^BIOACTIVE-OH R-COO-BIOACTI VE 
lS [0224] Anhydride linked prodrugs 

R-COOH + BIOACTIVE -COOH R-COOC(G)-8IOACTIVE 
20 [0225] [Disulfide linked prodrugs 

R-SH + BIOACTIVE-SH — R-S-S-8IOACTIVE 

25 [0226] SONH 2 linked prodrugs 

R-SOCI 2 + 8IOACTIVE-NH 2 R-S0 2 NH-BIOACTIVE 
jo [0227] Ammo linked prodrugs 

BIOACTIVE-CHO + R-NH, * NaCNBH, R-NH-8IOACTIVE 
^5 [0228] Thio linked prodrugs 

BIOACTiVE-3r + R-SH — R-S-BIOACTIVE 

40 [0229] Alky I linked prodrugs 

BIOACTIVE-Br + R-CH 2 + Bu^SnH -* R-CH 2 CH 2 -BIOACTIVE 

45 Further details of "experimental conditions and variations in the above schemes would be apparent to one skilled in the 
art m view of the present disclosure. 

[0230) Alternatively, it is often useful to conjugate the bioactive agent through a modified sugar, such as glucosamine, 
or sugar acid derivative, such as succinate. An example of the synthesis of the fluorinated amphiphilic moiety attached 
to glucosamine can be generalized as follows: 

50 

R-OH + CI3CCOCOCCI3 R-OCOCI 

55 R-OCOCI + glucosamine- HCI * pyridine — R-OCONH-glucosamine 

As one skilled m ihe art will recognize, the glucosamine derivative is then available for reaction with the bioactive agent 
through either an amine group or a -OH aroup. 
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[0231] The bioactive agents of the present invention -nay 
No. OS/85 1.780. filed May 6. 1997 the disclosure of *hich 
For example, the prodrug may comprise a steroid covalently 
the prodrug may be a compound of the formula (XII). 


also oe tne prodrugs described m u 3 Application 3er al 
is hereby incorporated ty reference herein m its entirety 
bonded ;o a lipid moiety via a tirking group For examp.e 


D -*' L .;X:l) 

where D is a steroid: X is a linking group comprising an ester group a carbamate qrouo. a carbcnyl arouo a th.cester 
group a disulfide group an ether group an anhydride croup or *n amide group: and L is a lipid moiety comprising ar 
acyl. alkyl. ai:<yiaryl. fluoracyl. fluoroalkyl or fiuoroalkylaryi group having from about 4 to about 40 carbon atoms 
[0232] Preferably. D is a steroid which may be a compound of the formula (XIV) or any of the steroids describee 
herein. Most preferably. O is dexamethasona. 

[0233] Preferably. X is a linking group that is sufficiently s:abie for storage but which is also biodegradable such ^s 
for example, an ester group. Most preferably. X is succinate 

[0234] Preferably. L is a lipid moiety comprising an acyl alkyl aHylaryi. fluoroacyl. fluoroalkyl or flucroalkylaryl moiety 
having from about 4 to about 40 carbon atoms and more preferably from about 6 to about 40 carbon atoms The acyi 
or alkyl group may consist of one. two or three chains or an alkylaryl group In a preferred embodiment L may be a 
diacylated moiety in which two acyl chains are linked to glycerol More preferably. L may be dipalmitoyl-glycery I cl.myr- 
istoylglyceryl distearoylglyceryl. ordioteoylgfyceryl. Alternatively. _ may be cholesterol. Thus. X-L is preferably d.palmi- 
toylglycerylsuccinate. dimynstoylglyceryl-succirate distearoyiglyceryisuccmate. dioleoylglyceryisuccmate or choles- 
terol succinate. 

[0235] In another embodiment. L may be a lipid moiety comprising a fluoroacyl. fluoroalkyl or flucroalkylaryl group 
The acyl. alkyl or alkylaryl group may comprise one or more fluorine atoms, preferably from about 3 to about 23 fluorine 
atoms, more preferably from about 5 to about 13 fluorine atoms. When the acyl. alkyl or alkylaryl group is part of a 
linear chain, the terminal carbon atoms are preferably fluorinated. Alternatively, the acyl. alkyl or alkylaryl group may 
be a perffuorinated group. Perfluorinated means tnat all the hydrogen atoms, except those whose replacement wotic 
affect the nature of the characteristic groups present, are reolaced by fluorine atoms. For example, bipyndme moieties 
may be perfluoroalkylated as described in Garelli and Vierling. Btochim. Biophys. Acta (1992) 1127.41-4S. the disclo- 
sure of which is hereby incorporated by reference herein in its entirety. Other fluorinated amphophilic molecules which 
serve in this capacity are fluorosurfactants and the compounds cisciosed in U.S. Patent No. 5.562.393 and U S Ap- 
plication Serial No. OS/465.368. Med June 6. 1 995. the disclosures of which are hereby incorporated herein by reference 
in their entirety. 

[0236] The stabilizing materials of the present invention may also comprise a bioactivo agent that ts a prodrug of the 
formula (XIII). which is encompassed within the scope of the compound of formula (XII): 

* <«i>n 
*1 (Xi) n 


R 2— C— (M) n _x 2 — D 


(XIII) 

where each X t is independently a direct bond. -O- -S- -SO- -SO r . -NR 4 -. -X 3 -C(=X 4 )-. -C(=X 4 )-X 3 -or -C(=X 4 J- each 
n is independently an integer of 0 or 1: X 2 is a direct bond. -C(=X 4 )-. -fl s -X 3 -Cf=X 4 )-. -R S -C(=X 4 )-X 3 . -X 3 -C(=X 4 )-R 5 - 
-C(=X 4 j-X 3 .P s -. X 3 -R 5 -C( = X 4 )-X 3 , -C(=X 4 )-R S -C(=X 4 ). •P 5 -X 3 C( = X 4 )-R S -C( = X 4 )-X 3 -. -C(=X 4 )R S -C(=X 4 )-X 3 - or -P 5 - 
C(=X 4 )-X 3 -R 5 -X 2 -C{=X 4 )-. each X 3 is independently -O- -NR 4 - or -S-. each X 4 is independently O or S. M is -P s -X r 
-R 5 -X 3 -C(=X 4 )-. -R 5 -C(=X 4 )-X 3 -. -R s -X 3 -(YX 4 )P<=x 4 )-X r or *X 3 -( YX 4 )P(=X 4 )-X 3 -R S -: Y is hydrogen or a pharmaceuti- 
caiiy acceptable counter ion; D s a steroid: each R, is independently an alkyl group of 1 to about 50 carbon atoms 
rhat is optionally substituted with one or more halogen a rpms- eacn R 2 is independently an alkyiene group of 1 toabcut 
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30 carbon atoms mat is optionally substituted with one or more nalcgen atoms, each of R 3 and R 4 is mdeoen::en:<y 
-O a hydrogen atom or an alkyl group of 1 to about *0 caroon atoms anc each Rg !S independently a direct Sena or 
an aikylene grouo of 1 to about 30 carbon atoms 

[0237] tn the above formula, when any symbol appears more than once in a particular formula or substituent its 
meaning m each instance -s independent of the other A\$o. wnen each of two or more adjacent symbols is defined as 
being a "direct bond" to provide multiple, adjacent direct bonds, tne multiple and adjacent direct bonds devoive .nto a 
single direct bond. 

[0238} In preferred embociments of formula (XMI >. each X, is independently -X 3 -C( = X 4 )- -Cf=X 4 )-X 3 - or -C(=X 4 j- 
.Vore preferably, each X, <s independently -X 3 -C.;-X.>- or -C(-X 4 )-X r Even more oreferably. X, is -C(-Xj-X 3 - for 
example -C(=0)-0- 

[0239] In preierred embodiments of formula (Xtlh X, is a direct oond. -C(=X 4 j- -C{-X 4 )-R S -C(=X 4 )- -C( = X 4 )-R S C 
C=X 4 )-X 3 -. -R 3 -X r C( = X 4 )-. -R S -C(=X 4 ).X 3 . .X r C( = X a :-R s - -C( = X 4 ).X r H s -. -X 3 -R 5 -C(=X 4 )-X r or .R 3 -X 3 -C( = X 4 ]-R 5 -C 
',=X 4 )-X r More preferably. X 2 is a direct bond. -C( ^0>-CH : CH r Cf -OK -Cl-UCI-U-C{=0)-NH- or -CH 2 CH 2 f\H-C(=0)- 
CH 2 CH 2 -C>0)-NH-. most preferably -C(=0)-CHUCH-.-C{ 0,~ 

[0240] In preferred embodiments, each X 3 is .ndependently O- or -NR 4 - preferably -O- 
[0241] Preferably. X 4 is O. 

[0242] In certain preferred embodiments. VI is •R s -X 3 -(YX 4 jPt=x 4 )-X 3 ...R s -X3-or -R s -X r C(=X 4 )- with M more pref- 
erably being -CH 2 0-(hO)P{.=O)-0-. -CH 2 0-C(=Oj- or -CH 2 -0- in certain other preferred embodiments. M ts -R s -X v 
C(=X 4 )- or -R S -C(=X 4 )-X 3 - In yet other preferred embodiments. M is -R s -X 3 -(YX 4 )Pi=X 4 )-X 3 - or -X V (YX 4 )F( = X 4 )-X 3 - 
R 5 -wherem at teast one of X 3 or X 4 is S. 

[0243] tn formula (XIII). D is a steroid. Preferably, the steroid is a compound of the formula (XI V* or any of the steroids 
described herein. Most preferably, the steroid is dexamsthasore 

[0244] In the above formula, each R, is independently an alkyl grouo which ranges from i to about 50 carbon atoms, 
ano all combinations and subcombinations of ranges therein, cr an alkenyl group of from about 2 to about 50 carbon 
atoms, and all combinations and subcombinations ol ranges therein. Optionally, the alky! group and/or alkenyl group 
can compnse one or more halogen atoms, including perhalogenated alkyl groups and/or alkenyl groups. The halogen 
atom may be chlorine, fluorine, bromine or iodine with fluorine being preferred. Preferably, each R, is indeoenden:iy 
an alkyl grouo of greater than 1 to about 40 carbon atoms. More preferably, each R, is independently an alkyl group 

01 about 5 :o about 30 carbon atoms. Even more preferably, each R, -s independently an alkyl group of about 10 tc 
about 20 carbon atoms, with an alkyt group of about 1 3 to about 1 7 carbon atoms being more preferred, and with about 
1 5 carbons being still more preferred. In certain preferred embodiments. Rj is a shorter chain alkyl group of from 1 tc 
about 20 carbon atoms. In certain other preferred embodiments. R, is a longer chain alkyl group of from about 20 to 
abcut 50 carbon atoms, or about 30 to about 50 carbon atoms. 

[0245] In the aoove formula, each R 2 is independently an alkylcnc grouo which ranges from 1 tc about 30 carbon 
atoms, and all combinations and subcombinations of ranges therein Optionally, {he aikylene group can comprise one 
or more halogen atoms, including perhalogenated aikylene groups The halogen atom may be chlonne. fluorine, bro- 
mine or iodine, with fluorine being preferred. Preferably, each P 2 IS independently an aikylene group of 1 to about 2C 
carbon atoms More preferably, each R 2 is independently an aikylene group of i to about 10 carbon atoms Even mere 
preferaoly. each R 2 is independently an aikylene group of 1 to aoout 5 carbon atoms, more preferably about 1 or abcut 

2 carbon atoms, with 2 carbon atoms being most preierred 

[0246] In the above formula, each of R 3 and R 4 is indeoendently =0 a hydrogen atom or an alkyl group which ranges 
from 1 to about 10 carbon atoms, and all combinations and subcombinations of ranges therein. Preferably each of R 3 
and R 4 is =0. a hydrogen atom or alkyl of 1 to about 5 carbon atoms. More preferably, each ol R 3 and R 4 is a hydrogen 
atom. 

[0247] In the above formula, each R s is independently a direct bond or an aikylene group which ranges from i tc 
abcut 30 carbon atoms, and all combinations and subcombinations of ranges therein. Preferably, each R 5 is independ- 
ently a direct bond or an alkytene group of 1 to about 20 carbon atoms. More preferably, each R s is independently a 
direct bond or an aikylene group of 1 to about 10 carbon atoms. Even more preferabfy. each R s is independently a 
direct bone or an alkytene group of 1 to about 5 carbon atoms. Still more preferably, each R 5 is a direct bond or - 
(CH 2 ) X -. where x is l or 2. 

[0248] In other preferred embodiments for the compound of formula iXIII). X, is a direct bond: X2 is a direct bond: n 
is 0: R 3 is =0: R 2 is an unsubstituted aikylene group having from i to about 20 carbon atoms, preferably from about 
i to about 12 carbon atoms, more preferably from about 2 to about 6 carbon atoms, even more preferably about 4 
carbon atoms {eg.. -(CH 2 ) 4 -): R t is a substituted alkyl group having from about 1 to about 30 carbon atcms: more 
preferably a fluorine substituted alkyl group having from about 1 to about 20 carbon atoms: more preferably a fluorine 
substituted alkyl group having from about 2 to about 19 carbon atoms: even more preferably a pert! uonna ted alkyi 
group having from about 4 to about 15 carbon atoms, still more preferably a perfluonnated alkyl group navmg from 
abcut 6 to about 1 2 carbon atoms' most preferably a perfluonraied alkyl group having about 9 carbon atoms ie g - 
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(CF 2 ),-CF 3 ). 

^ Ind «XM , above ™ h * ° """h ^ S!9r ° ,d "" ke reCef "° rS ^ 3 P ' e,erred ™™< .he SI er=, d ,n , em * 
{ aiii ana (Xiii) above, may be a compound of the formula iXIVV 



R 3 R 5 


(XIV) 

where R 1 is a saturated or unsaturated double bond R2 is R\ =0. OR\ R'-N-(R*) 9 SR' C(=0'R' C'-OiOR' ~f_5) 
branchifh'T' °h ^ °° C{C ^ R " 3 atom or a C, to C 60 saturated "or unsaturated „'near"or 

branched hydrocarbon chain, optionally interrupted with O. S. P or N. and optionally substituted with halogen atoms 
,s saturated or unsaturated double bond: R 4 is a halogen atom or flv n is an integer of 0 on R* , s r- or a haiocen 

at °o ^ J S Q ° r an unsaturated doubte bond: R? 15 R * or a Slogan atom: R a is R* or an unsaturated double bond R* 
|s rO. OH. R or a halogen atom. R'O ts r. a natogen atom or OH R11 js R . Qf C(=0)M . R12 js R . QH QC 

R^ is RV =0. OH. OC(=0)R. C(=0)CH 2 OR. C(,0)CH 3 : C(=0}Cfl\ CCH. or an alkyl hal.de group: and R^ is P 7 OH 
CCH. CCCH3. orOC(=0)RV 

[0250] The steroid may have an * or JJ stereocnem.stry. The halogen atoms in the compound of the formula <xiv* 
may be chlorine. brom«ne. fluorine or .ocine: preferably fluorine or chlorine. R' is preferably a hycrogen atcm a me thy' 

%Tn a ^ thy ' 9r ° UP ' 3 PrODy " 9fOUp 3 bulyl SrOUp a pcrtyt 9 rotJ P- a h oxyl group. -COCH 2 OC(=0)C<CH 1 ) -C(-O) 
CH.,CH 2 C0 2 or -COCH-,; more preferably fl' is a nydrogen atom or a methyl group 

[0251] in addition to the steroids of formula (XIV) above, other staroids. known to those skilled in the art arddescnbec 
above, may be used ,n the present invention. Preferably, the steroid is dexamethasone. Additionally, steroids that can 
be used m formula (XII) and formula (XIII) include steroid hormones sterols, steroid analogs or compounds with par- 
ticular affinity to stero.dor steroid-like receptors, such as d.ethylst.lbestrcl and analogs thereof r metyrapone and analog, 
thereof, and steroid analogs that maintain eutrogen.c. androgenic, glucocorticoid, adrenocortoid. anabolic or birth ccn- 
trol activity. 

[0252] Preferably the steroid is particularly active, such that a low dose is required for a therapeutic effect The 
amount of steroid to be administered depends, for example, on ihe particular steroid that is being administered the 
methoa of administration of the steroid, and the age. sex. weight and physical condition of the patient Generally, 
treatment is initiated with small dosages, which can then be increased by small increments until the optimum effect 
unaer the circumstances is reached. For example, the amount of steroid to be administered may variable range from 
about 0. 1 mg to about 50 mg, preferably about 0. 1 mg to about 25 mg. more preferably about 0.5 mg to about 5 ma 
[0253] Methods for synthesizing steroids are well-known to the skilled artisan and are set forth for sample in 
Organic Chemtstry of Drug Synthesis, Volume 1. Chapter 10 "Steroids' by Ledmcer and Mitscher. the disclosure of 
which is hereby incorporated herein by reference in its entirety. The steroids of the present invention are also available 
from a wide variety ol commercial suppliers, including, for example. Sigma Chemical Company, St Louis Missouri 
[0254] In view of the present disclosure, and with knowledge of synthetic organic chemistry, one skilled m the art 
would readily recognize the locations on any particular steroid, linking group and lipid moiety where attachments may 
be made to covalently attach the steroid to the linking group and the linking group to the lipid moiety. For example 
-OH. -COCH. -NH or -SH groups which are present on a steroid, a linking group or a lipid moiety are obvious points 
at wmch the steroid. Unking group and lipid moiety may be attached to each other. Steroids generally have -OH. -COOH 
-NH or -SH terminal groups at one or more locations, any of whicn may serve as the point of attachment to the linking 
group if the sterol, linking group or Jip.d moiety does not have a -CH. -COOH. -NH or -SH terminal group basic 


35 

BNSOOClO: <EP__O90 1 T93A1 J_» 


EP 0 901 793 A1 


syniheiic adcmon chemistry, which is well known to those skilled in the art. can be united to introduce an OH group 
into the molecule, which 'would men be suitable as a oomt of attachment. 

[0255] Althougn not intending to be bound by any oarticular theory of the invention, an example of the use of the 
prodrugs described herein includes attaching an acylated chemical group to the bicactive agent via an ester Snkage 

* which would readily cleave in vivo by enzymatic action tn serum The acylated prodrug may then be mcoroorated :rtc 
the vesicle or stabilizing material Thereafter, the prodrug may be delivered to :he appropriate tissue or receptor via a 
targeting ligand Jpon reaching the desired tissue or receptor tne gas filled vesicle may be ruptured or popped oy the 
sonic pulse from the ultrasound, and the prodrug encapsulated by the vesicle may then be exposed to the serum The 
ester linkage may then be cleaved by esterases m the serum, thereby generating the btcacttve agent However, it is 

'0 not necessary for the bioactive agent to be cleaved ircm the acylated chemical group and ester linkage in order for 
the bioactive agent to be therapeutically effective tn other words, the prodrug may r3tam the bioactivity of the drug or 
pharmaceutical agent. 

[0256] Similarly, ultrasound may be utilized net only tc rupture the gas filled vesicle but also to cause thermal effects 
which may increase the rate of the chemical cleavage «nd Eh? release of the active drug 'rom the prodrug. The particular 

'5 chemical structure of the oioactive agents may be selected cr nocifieo to achieve desired solubility such that the 
bioactive agent may either be encapsulated within the internal gas filled space cf the vesicle, attached to the surface 
of the vesicle, embedded within the vesicle anc/or ary combination thereof. The surface -bouna bicactive agert may 
bear ore or more acyl chains such that, when the vesicle is ruptured or heated or ruptured via cavitation, the acylatea 
bioactive agent may then leave the surface and/or the oioactive agent may be cleaved from the acyl chain chemical 

20 group. Similarly, other bioactive agents may be formulated wi-h a hydrophobic group which is arcmatic cr sterol tn 
structure tc incorporate into the surface of the vesicle. 

[0257] The compositions and stabilizing materials of the present invention may also comprise a targeting moiety, 
such as a targeting ligand. Targeting ligands are preferably associated with the stabilizing material and/or vesicles 
covalently or non-covalentty. In the case of stabilizing materials, the targeting ligand may be bound, few example, via 

25 a covalent or non-covalent bond, to at least one of the lipids, proteins, polymers or surfactants incorporated in the 
stabilizing materials. Preferably the targeting ligand is bound to the stabilizing matenals anc/or vesicles covalently. in 
the case of lioid compositions which comprise cholesterol, the targeting ligand is preferably bound to the cholesterol 
substantially only non -covalently. and/or the targeting ligand is bound covalently to a component of the composition, 
for example, another lipid, such as a phospholipid, other than the cholesterol. 

■Jp [0258] If desired, the targeting ligands may also be bound to other stabilizing materials, for example, lipids, polymers, 
proteins or surfactants, which may be present in the compositions. The targeting ligands wnich are incorporated in the 
compositions of the present invention are preferably substances which are capable of targeting receptors and/or tissues 
in vtvo or in vitro. With respect to tne targeting of tissue, the targeting ligands are desirably capable of targeting heart 
tissue and membranous tissues, including endothelial and epithelial cells, in the case of receptors, the targeting ligands 
are desirably capable of targeting GPllbllla receptors or lymphocyte receptors such as T-cells. B-celts or irterieukm- 
2 receptors. Preferred targeting ligands for use in targeting tissues and/cr receptors, including the tissues and receptors 
exemplified above, are selected from the group consisting of p-oteins. including antibodies. ant:bocy fragments, hor- 
mones, hormone analogues, glycoproteins and lectins peptides pofypeptides amino acids, sugars such as saccha- 
rides, including monosaccharides and polysaccharides, and carbohydrates, vitamins, steroids, steroid analogs, hor- 

-o mones. cofactors. and genetic material, including nucleosides, nucleotides, nucleotide acid constructs and polynucle- 
otides, with peptides being particularly preferred. 

[0259] An example of a protein which may be preferred for use as a targeting ligand is Protein A. which is protein 
that is produced by most strains of Staphylococcus aureus. Protein A is commercially available, for example, frcm 
Sigma Chemical Co. (St. Louis. MO). Protein A may then be used for binding a variety of IgG antibodies. Generally. 

J 5 peptides which are particularly useful as targeting ligands include natural, modified natural, or synthetic peptides that 
incorporate additional modes of resistance to degradation by vascularly circulating esterases, amidases. or peptidases 
One very useful method of stabilization of peptide moieties incorporates the use of cyclization techniques. As an ex- 
ample, the end-to-end cyclization whereby the carboxy terminus is covalentfy linked to the amine terminus via an amide 
bond may be useful to inhibit peptide degradation and increase circulating half-life. Additionally, a side chain-to-side 

so chain cyclization or an end-to-side chain cyclization is also particularly useful in inducing stability. In addition, the 
substitution cf an L-ammo acid for a 0-ammo acid in a strategic region of the peptide may offer resistance ; .o biological 
degradation. 

[0260] Preferred targeting ligands in the present invention include cell adhesion molecules (CAM), among which are. 
for example, cytokines, integrms. cadherins. immunoglobulins and selectins. all of which are discussed in detail below. 
« [0261] In connection with the targeting of endothelial cells, suitable targeting ligands include, for example, one or 
more of the following: growth factors, including, for example, basic fibroblast growth factor (bFGFV acidic fibroblast 
growth factor (aFGF). transforming growth factor-alpha (TGF-a). transforming growth factor-beta (TGF-(J). plateiet- 
denved endothelial celt growth factor (PO-ECGF) vascular endothelial growth factor iVEGF) and human growth factor 
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*1 ,tnp u 9 L ° r neCr ° S,S ,nClUdin9 tUm ° r neCr ° S,S ^ctor-alpna (TNF-cx) and tumor necrosis '-ctor- 

be a (TNF-|i). and receptcr ant.bod.es and fragments thereof :o tumor necros.s factor (TNF) receptor i or 2 'ami 
■nclud.rg. for example TNF-FM TNF-F2. FAS. TNF3-RP NGF-fl. C030 CD40. CC27 CX40 and 4-1 BB - 4Ter 
nnr o^L P ynb0 ' nUC, T 0t,de an9, ° tr ° P,n W ' th * ™ ieCU ' ar of about 4 500. as well as low rrolecular' we'cni 

F PG- ^n rt 9, ° gen ^ Tc 85 l bUtyry ' 9,yCer0,: ^^P^tag.and.ns. mciud.ng. fcr examole. orostagiarc.r 

'' PGC ' ) and P^'and.n £ 2 (PGE 2 ): n.cotmam.de: adenosine: dipyridamole: dooutaWe: hyaluronic ac=d Teora 
dation procucts. such as. for example, degradation products reeultmg from hydrolysis of f» linkages. «c.ud.ng hX 
oZ l°r . an9, T n9S,S ; nh,bit ° rS ,nC,Uain9; f ° f example " -Hagenase inhibitor.- rrun^^r^^t 
d ocort ' Z " ^ W ' th 6 "°' SU!,ate ^ ^W^V groups: anastatic sterols, such « :«rahy. 

T^T^nnr f epa " n tnc ^' n g f ^entso f he P ann such as for example, fragments having a modular w en, 
of about 6.000. aam.xed with sterc.ds. such as. for examole. cortisone or hydrocortisone ang.ogenesis .nhoJors 
including ang.o-nn.bm (AGM- 1 470 - an ang.cstatic ant.b.ot.c: platelet factor 4 protamine: sulfated po'ysacchande ep 

I'S f r f ?™Tf T f " f T baClenal Wa " ° f Sn ^^'erspeces: 'unga.-denved ang,ogenes;s .nh.bucrs 
such as fumag.ll.n der.ved from Aspergillus furr,gatus: D-pemcHlamine: gold th.omaiate: thrombospond.n vtamm 0- 
analogues, including, for example 1-«. 25-dihydroxy vitamin D 3 and a synthetic analogue 22-oxa-1 25-d.hvdrcxy 
v.tam.n 0 3 . interferons, mclud.ng. for example, a-interferon. [interferon and y-.nterferon: cytokines and cytokine fraq 
men s. such as the m.erteuk.ns including, for example, mterleuk.n-l (1L-1). .nterleuk.n-2 (IL-2). mterleuk.n-3 'IL-31 
.nterleuK.n-5 (IL-5) and mterleukin-8 (IL-3): erythropoietin: a 20-mer peptide or smaller for b.nd.ng to receptor or an 
tagon.sts to native cytokines: granulocyte macrophage colony stimulating factor (GMCSF) LTB* leukocyte receoto, 
antagonists: heparin, including low molecular weight fragments of heparin or analogues of heparin- simple sulfated 
polysaccharides, such as cyclodextrms. including a-cyclodextnn |J-cyciodextnn. and y-cyclcdextnn. tetradecasulfa.e 
transferrin: ferritin: platelet factor 4. protamine: Gly-His-Lys complexed to copper: cerulopiasmin (l2R)-h y droxye.co- 
?ii«?° ,C 30 ° kaCla,C aC ' d: l8CtinS: antlbodies: CD 11 a/CD 13: and Very Late Activation lntegr.n-4 , VLA-4) 
[0262] In another embodiment, small peptries which bind the interluekm-1 flL-1) receptor may be used Forexampe 
peptides generated by phage display core sequences of GPY have been shown to be essential for peptide bmd.rq 
including, for example. AF 12198. a 15-mer with a core sequence of WYQJY. where J is azetidine and IL-1 antagonists 
with K d lO-io to lO-^M. such as AcPhe-Glu. Trp-Pro-Gly-Trp-Tyr-Gln-Aze-Tyr-Ala-Leu-Prc-Leu-CONH, or Ac-Phe- 
Glu-Trp-Pro-Gly-Trp-Tyr-Gln-Aze-Tyr-Ala-Leu-Fro-Leu-. 

[0263] Ehdothelial-leukocyle adhesion molecules (ELAM's) are antigens which are expressed by endothelial -ells 
uncer concit.ons of stress wnich then facilitate the migration of the leucocytes across the endothelium lining the vas- 
culature into ;he surrounding tissues. These same endcthelial-leukocyte adhes.cn molecules may be advantageously 
exploited as .-eceptors for targeting of vesicles. These endothelial cell adhes.on molecules belong to a family knowr 
as select.ns n which the known members, such as GMP-140. all participate in endothehal-leukocyte adhes.on anc 
include ELAM-t LAM-1 and the granule membrane protc.n 1 40 (GMP-l 40) also known as platelet actuation-depend- 
ent granule-external membrane prote.n (PADGEM). VCAM-1/INCAM-110 (Vascular Adhesion Molecuie/lrduc.ble Ad- 
hesion Molecule) and ICAM-1 (Intercellular Adhesion Molecule). 

[0264] The cadhenn family of cell aohesion molecules may also be used as targeting ligands. including for examp.e 
theE- M- and P-cadhenns. cadherin-4. cadhenn-5. cadher.n-6. cadherin-7 cadher.n-3. cadherm-9 cadhenn-10 and 
cadhenn-i \ and most preferably cadherin C-5 Further, antibodies directed to cadhenns. such as for example the 
monoclonal antibody Ec6C10. may be used to recognize cadherins exoressed locally by specific endothelial cells 
[026S] A wide variety of different targeting ligands can be selected to bind to the cytoplasmic domains of the =LAM 
molecules. Targeting ligands in this regard may include lectins, a wide variety of carbohydrate or sugar moieties an- 
tibodies, antibody fragments. Fab fragments, such as. for example. Fab'2. and synthetic peptides, including for ox- 
ample. Argmme-Glycine-Aspartic Acid (R-G-O) which may be targeted to wound healing. While many of these materials 
may be derived from natural sources, some may be synthesized by molecular biolog IC al recombinant techniques ana 
oihers may be synthetic in origin. Peptides may be prepared by a variety of techniques known m the art Targeting 
ligands derived or modified from human leukocyte origin, such as C011 a/CDl 8. and leukocyte cell surface glycoprotein 
(LFA-i ). may also be used as these are known to bind to the endothelial cell receptor ICAM-1 . The cytokine inducible 
member ol the immunoglobulin superfamily VCAM- 1. which is mononuclear leukocyte-selective, may also be usee 
as a targeting ligand. VLA-4. derived from human monocytes, may be used to target VCAM-1. Antibodies and other 
targeting ligands may be employed to target endoglin. which is an endothelial cell proliferation marker. Endoghn .s 
upregulated on endothelial cells m miscellaneous solid turners. A targeting ligand which may be used to target endoghn 
is the antibody TEC-11. Thorpe et al. Breast Cancer Research and Treatment. 36.237-51 (1995). 
[0266] Endothelial cell activation in the setting of atherosclerosis is used in this invention to target the compositions 
to regions of arteriosclerosis including, for example, atherosclerotic olaque. One such target that can be used is the 
inducible mononuclear leukocyte endothelial adhesion molecule recognized by Rb1/9 as an ATHEflO-ELAM The 
monoclonal antibodies. H4/18 and H18/7. may oe used to :arget endothelial cell surface antigens which are mducec 
by cytokine mediators As a preferred embodiment of this invention, gaseous precursor filled vesicles are targeted to 
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atherosclerotic piaque lo non-mvasiveiy detect diseased biood vessels before severe damage has occurred, for ex- 
ample, anor to stroke or myocardial infarction, so that appropriate medical or surgical intervention may ce implemented 
ATHERO-ELAM -s a preferred target and itgands. such as antibocies. peptides, or lectins or comomations thereof may 
be used to target this cell surface epitope expressed on endothelial cells in the context of atherosclerosis. Alternatively. 

5 lipoproteins or Npoorotein fragments derived from low or high density lipoorotem proteins may be used as targetmc 
figands. Additionally, cnolesterol may be used to target the endothelial cells anc localize the lipids, vesicles and the 
tike, to regions of atherosclerotic plaque. In embodiments which involve the use of cholesterol as a targeting hgard. 
the cholesterol is preferably unmodified (non-derivatized) with other chemical groups, moieties, ligands. and the like 
[02S7] A targeting ligand directed toward thrombotic material -n the plaque may be used to differentiate between 

'0 active and inactive regions of atherosclerotic plaque Active plaques tn the process of generating thrombi are mere 
dangerous as these plaques may ultimately occlude a vessel cr result in emboli In this regard, in addition to low 
molecular weight heparin fragmen's. other targeting ligands. such as. for example, anti-ribrin antibody, tissue plas- 
minogen activator (t-PA). anti-lhrombm antibody and fibrin antibodies directed to platelet activation factions, may be 
used to target active plaque with evolving clots. Preferred targeting ligands are those which will target a plasma msm- 

'5 brane associated GPIIbllla ;n activated platelets in addition to targeting ?-selectin. and an antibody or associatec 
antibody fragment directed to GPIIbllla. The present invention is also useful for detecting regions of acute myocardial 
infarction. By attaching anti-myosin (particularly cardiomyosin ) antibody or anti-actin antibodies to the lipids, polymers 
or stabilizing materials, infarcted myocardium may be detected by the methods of the present invention. For targeting 
to granulation tissue (healing wounds), many of the above targeting ligands may be useful The wound healing tnpep- 

20 tide, argmine-glycine-aspartic acid (RGD). may also be used as a targeting ligand in this regard. 

[0268] As with the endothelial cells discussed above, a wide variety of peptides, proteins and antibodies may be 
employed as targeting ligands for targeting epithelial cells. Preferably, a peptide, including synthetic, semi-synthetic 
or naturally-occurring peptides, with high affinity to the epithelial cell target receptor may be selected, with synthetic 
peptides being more preferred. In connection with :hese preferred embodiments, peptides having from about 5 to about 

25 1 5 ammo acid residues are preferred. Antibodies may be used as whole antibody or antibody fragments, for example. 
Fab or Fab'2. either of natural or recombinant origin. The antibodies of natural origin may be of animal or human origin 
or nay be chimeric {mouse/human), human recombinant or chimeric antibodies are preferred and fragments are pre- 
ferred to whole antibody. 

[0269] Examples of monoclonal antibodies which may be employed as targeting ligands *n the present compositions 

oo include CALAM 27. which is formed by immunizing BALB/c mice with whole human squamous cell carctnema of the 
tongue and forming hybridomas by crossing extracted spleen cells with those of an NS 1 syngeneic myeloma cell dr.e. 
Gioanni et al.. Cancer Research. 47: 4417-4424 (1987). CALAM 27 is directed tc surface epitopes of both normal anc 
malignant epithesial cells. Normal lymph nodes generally do not contain cells expressing these epitopes. See Cancer 
Research. 47. 441 7-4424 (1987) Accordingly, lipid and/or vesicle compositions comprising this antibody can bo usee 
to target metastases in the lymph nodes. The monoclonal antibody 3C2 may be employee as a targeting ligand for 
targeting malignant epithelial cells of serious ovarian carcinoma and endometrioid carcinoma. Another exemplary tar- 
geting ligand is Mab 4C7 (see Cancer Research. 45 2358-2362 ;1985)). which may be used to target mucinous car- 
cinoma, endometriod carcinoma and mesonephroid carcinoma "or targeting squamous cell carcinoma n head anc 
neck cancer. Mab E48 (Biological Abstract. Vol. 099 Issue. 066 Hef 082748) may be used as a targeting ligand For 

-*o targeting malignant melanoma, the monoclonal antibody 225.28s (Pathol. Biol.. 38r*8);866-369 (1990)) may be em- 
ployed. The monoclonal antibody mAb2E, : which is targeted to EPR-1 (effector cell protease 1) ; may also be used. 
[0270] Targeting Itgands may be selected for targeting antigens, including antigens associated with breast cancer, 
such as epidermal growth factor receptor (EGFR), fibroblast growth factor receptor. erbB2/HER-2 antitumor associated 
carbohydrate antigens (Cancer. 74 (31 1006-12 (1 994)). CTA 16.38. homologous to cytokeratins 8. 18 and 19. is ex- 

-*5 pressed by most epithelial-derived tumors, including carcinomas of the colon, pancreas, breast, ovary and lung. Thus, 
antibodies directed to these cytokeratins. such as 16.88 (IgM) and S8BV59 (lgG3k). which recognize different epitopes 
on CTA 16.38 (Semin. Nucl. Med.. 23 f27. 1 65-79 (1993)). may be employed as targeting ligands. For targeting colon 
cancer. anti-CEA igG Fab' fragments may be employed as targeting ligands. Chemically conjugated bispecific anti- 
cell surface antigen, anti-hapten Fab'-Fab antibodies may also be used as targeting ligands. The MG series monoclorai 

so antibodies may be selected for targeting, for example, gastric cancer (Chin. Med. Sci. J.. 6 r 0-56-59 {1991 ). 

[0271] There are a vanety of celt surface epitopes on epithelial cells for which targeting ugands may be selected. 
For example, the protein human papilloma virus (HPV) has been associated with benign and malignant epithelial pro- 
liferations in skin and mucosa. Two HPV oncogenic proteins. E6 and E7. may be targeted as these may be expressec 
m certain epithelial derived cancers, such as cervical carcinoma. SeeCurr. Opin. Immunol.. 6^5/746-54(1994). Mem- 

55 brane receptors lor peptide growth factors (PGF-R). which are involved in cancer cell proliferation, may also be selected 
as tumor antigens. Anticancer Drugs. 5i4). 379-93 (i 994). Also epidermal growth factor (EGF) and mterieukm-2 may 
be targeted with suitable targeting ligands. including peptides, which bind these receptors. Certain melanoma associ- 
ated antigens (MAA). such as epidermal growth factor receotor (EGFR) and adhesion molecules ( Tumor Biol 15(4) 
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t«.202 ! f 1 5941). which are expressec by malignant melanoma cells, can be targeted win the compositions orov.cec 
^ZIZ « tUmCr aSS0C ' a - ed art, 9 en FAB * 7 2 on me surface of carcinoma cells may also be selectea as a tarcet 
[0272] A wide variety of targeting l.gands may be selected for targeting myocardial cells Exemplary targeting u^s 
include, for example, ant.card.omyos.n antibody. *h,ch may comprise polyclonal antibody Fab'2 fragments or be of 
human origin, an.mal origin, for example, mouse origin, or of chimeric origin. Additional target.ng l.gands include dicy 
ndamole digitalis: nifedipine: apolipoprote-n; low density lipoproteins (LDU. including c/-LDL vt DL and methyl i r L 
ryanodine, endothelin complement receptor type 1 IgG Fc beta 1 -adrenergic: c.hydropyr,d-ne- adenos.ne' m.reralo- 
cortico.d. nicotinic acetylcholine and muscarinic acetylcholine: antibodies to the human alpha 1 A-adrenergic receptor' 
bioactive agents, such as drugs, mcluding the alpha 1 -antagonist prazcsm: ant;bodies to the anti-beta-receptor drugs 
which bind to the anti-beta receptor- anti-cardiac RyR antibod.es encothehn-i wh,ch * an endothelial cell-derived 
vasoconstrictor peptide that exerts a pcten! positive notrcoic effect on cardiac tissue (endothelial binds -o cardiac 
sarcolemmal vesicles): monoclonal antibodies which may be generated to the T-ceil receptor c/.-|i receptor ard thereby 
employed to generate -argeting l.gands: the complement inhibitor sCRi drugs, peptides or ant.bod.es wh.ch are gen- 
erated to the d.hydropyndine receptor- monoclonal artibod.es d.rected towards tne anti-mterleuk.n-2 receptor may be 
used as targeting l.gands to direct the present composit.ons to ar 2 as ol myocardial tissue which express this receptor 
anc whtch may be up-regulated .n conditions of inflammation cyclospor.ne for directing s;m.larly the compositions to 
areas of inflamed myocardial tissue: methylisobutyl isonitrue: lectins whtch bind to specific sugars on membranes of 
cardiac myocytes and cardiac endothelial cells: adrenomedullin (ADM), which is an endogenous hypotensive anc 
vasoralaxmg pept.de: atrial natriuretic peptide ( ANP); C-type natriuretic peptide , CNP). which .s a 22 amino ac.d peptide 
of endothelial ceil origin and is structurally related to atnat natriuretic peptide but genetically distinct, and possesses 
vasoactive and anl.mitogenrc activity: vasonatrm oept.ee (VNP) which is a chimera of atrial natriuretic peptide iANP' 
anc C-type natriuretic peptide (CNP) and comprises 27 am.no acids: thrombin: endctheltum^enved relaxing factor 
{EORF}: neutral endopeptidase 1 (NEP-1 ): competitive inhibitors to EDRF. including, for example. NG-moncmethyl-L- 
argmme (L-NMMAV potassium channel antagonists, such as charybdotoxm and glibenclamide: antiheart antibodies 
which may be identified in patients with idiopathic dilated cardiomyooathy but wh.ch preferably do not el.cit^y^oiysis 
in the myocardium: antibodies directed against the adenine nucleotide translator -he branched-cham keto acid de- 
hydrogenase or cardiac myosin: specie antagonists for the endothelm-A receptor, which may be referred to as BQ- 
123: and antibodies to the angiotensin II receptor. 

[0273] Twc of the major antigens of heart sarcolemmal are calcium binding glycoproteins which copunfy-with the 
dihydropyridme receptor. Antisera may be raised, including polyclonal or monoclonal antibodies, against junfied sar- 
colemma. ■ hese antibodies may also be employed as targeted ligands. Purified fractions of the calcium b.nd.ng glyc- 
oproteins may be isolated from the plasma membranes of the sarcoiemma and then used to generate antibodies. ANP 
which, as noted above, may be used as a targeting ligand. can be obtained frcm cultures of human aortic endothelial 
colls ANP is generally localized in endothelium, but also may localize to the endothelial or myocardial tissue. ANP 
may be prepared, for example, using recombinant techniques as well as by synthesis of the peptide usirg-paptide 
synthesis techniques well known to one skilled in the art. t .s aiso possible to use an antibody, either polyclonal or 
monoclonal, directed towards ANP. Similarly, a peptide directed to ANP may be used for targeting endothelial and/or 
myocardial cells Both the (3 and a forms of atrial natriuretic factor may be used as potential targeting ligands for direct ing 
the present compositions to myocardial tissue. 

[0274] A wide variety of targeting ligands may be employed to direct the present stabilizing materials, and particularly 
vesicle compositions, to the GPllbllla receptor. Compositions which are directed to the GPilbllla receptor are highly 
useful for targeting vascular thromboses or clots, and are useful for diagnosing, as well as treating such clots. Included 
among such targeting ligands are. for example, peptides, such as Arg-Gly-Asp-Ser (RGDS). Gly-Arg-Gly-Aso-Ser-Pro 
(GRGDSP). and Gly-Pro-Arg-Pro (GPRP). Pentapeptides containing the sequence Arg-Gly-Asp (RGO) are also uselul 
including, for example. G41 20. which is a cyclic peptide containing the amino acid sequence Arg^Gly-Asp (RGO) Also 
useful are peptides derived from human coagulation Factor XIIIA including, for example, fragments such as 
NKLIVRRGGSFYVGIDFSRPYDPRRDLFRVEYVIGRYPQENKGTYIPVP1VSELQS GKWGAKIVMREQRSVRL- 
SIQSSPKCIVGKFRMYVAVWTPYGVLRTSRNPETDTYILFN PWCEDOAVYLDNEKEREEYVLNOIGVI- 
FYGEVNDIKTRSWSYGQF-R' where R* is-CONH 2 or -NH 2 . In addition, peptides which are fragments of the Factor 
XIIIA fragment, which include in their sequence the sequence NKUVRRGOSFYVQlDFSRPYQPRRD or ODAVYi DNE 
KEREEYVLNOIGVIFYGEVNOIKTRSWSYGQF. 

[0275] Additional peptides which may be useful as targeting ligands for targeting the GPllbllla receptor include, for 
example, peptides comprising the tnpeptide sequence of arginme-tyrosine-aspartic acid ( Arg-Tyr-Asp: also abbreviated 
RGD). linked from amtno-to-carboxy-term.nus and which may bind to the GPI Ibllla binding region on activated platelets. 
Exemplary ol such peptides include, for example, peptides ol the general formula R'-fX'^-Arg-Tyr-Asp-tY^-iX 2 ^- 
R 2 . wherein each of X 1 . X 2 and Y may independently be one or more ammo acid residues while in certain cases, it is 
preferred that Y is other than a serine or alanine residue, and each of m. n and o ts independently 0 oM . provided m 
certain cases. th*t when m is i then o is 1 And R* is a protected or unprotected terminal amino group and R 2 is a 
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protected cr jnprotected terminal carboxy grouo. in a preferred embodiment. X 1 is the peptide Ala-A-g-Arg-5er-5er- 
?ro-3er-Tyr-~yr and X 2 is the peptide Gly-Aia-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr Useful peptides include Arg-3er-^ro- 
5er-Tyr-Tyr-Arg-Tyr-Asp-Gly-Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr and Ala-Arg-Arg-3er-Pro-Ser-~yr-Tyr-Arg-7yr- 
Asp-Gly-Ala-Gly-P.'O-Tyr-Tyr- Ala-Met- Asp-Tyr. 
» [0276] Synthetic compounds which combine a natural ammo acid sequence with synthetic ammo acids can also oe 
used as the targeting ligand. such as a fibrinogen receptor antagonist compound which comprises the sequence XX- 
Gly-Asp. wnerein XX is a synthetic a-amino acid containing a linear side cnain. such as 


NH 

— (Chfe)— AA— (CHj) -N-C-NHR 
n I 
H 

wherein n * n* is 3: AA is a single bond: and R is ohenyl or benzyl: 

or — (CH 2 ) n — AA — (CH 2 )„ — NHR. wherein n is an integer of 1 to 4: n' is an integer ot 2 to 4: 

AA is oxygen, sulfur or a single bond: and R is H. C, , 6 alkyl. optionally substituted aryl optionally substituted aryimethyi 
or optionally substituted cycloalkyl. provided, in certain cases, that when AA is a single bond and R s H. then n + n' is 
other than 3 or 4 

[0277] Another such compound comprises a fibrinogen receptor antagonist of the formula: 



XX-Gly— Asji 

wherein XX is a synthetic a-amino acid containing a linear side chain having the formula 

NH 

II 

(CH2)fr-AA— (CHz) -N-C-NHR 

n l 
H 

wherein n * n* is 3: AA is a single bond: and R is ohenyl or benzyl: or 

— (CH 2 )„ — AA — (CH 2 > n , — NHR. wherein n is an integer of 1 to 4: n' is an integer of 2 to 4 

AA is oxygen, sulfur or a single bond: and R is H. C t . 6 alkyl. optionally substituted cycloalkyi. provided that, in certain 
cases, when A A is a single bond and R is H. then n ♦ n' is other than 3 or 4. and ZZ is a sequence of 1 to 4 optionally 
substituted amino acids. 

[0278] Other useful peptides for use as targeting ligands include, for example. Elegantin. which has the following 
sequence: Gly^lu-Glu-Cys-Asp-Cys-Gly-Ser-Pro-Glu-Asn-P^ 
Ala-Gln-Cys-Ata-Asp^ly-Leu-Cys-Cys-Asp^^ 

Asn-Pro-Asp-Asp-Arg-Cys-Thr-Gly-Gln-Ser-Ala-Asp-Cys-Pro-Arg-Asn-Gly-Tyr wherein each of R and R" is independ- 
ently any ammo acid: Albolabrin. which has the following sequence: G!u-Ala-Gfy-Gtu-Asp-Cys-Asp-Cys-Gly-Ser-Pro- 
Ala-Asn-Pro-Cys-Cys-Asp-Ala-Ala-Thr-Cys-Lys-Leu-Leu-Pro*Gly-Ala-Gln-Cys-Gly-Glu-Gry-Leu-Cys-Cys-Asp-Gln^ 

Cys-Ser-Phe-Met-Lys-Lys-Gly-Thr-lle-C^ 

Gly-Cys-Pro-Arg-Asn-Pro-Leu-His-Ala: Batroxostatin. which has the following sequence Glu-Ala-Giy-Glu-Glu-Cys- 
Asp-Cys-Gly-Thr-Pro-Glu-Asn-Pro-Cys^ys-Asp-Ala-Ala-Thr-Cys-Lys-Leu-Arg-Pro-Gly-Ala-Gln-Cys-Ala-Glu-Gly- 
Leu-Cys-Cys-Asp-Gln-Cys-Arg-Phe-Lys-Gly-Ala-Gly-Lys-lle-Cys-Arg-Arg-Ala-Arg-Gly-Asp-Asn-Pro-Asp-Asp-Cys- 
Thr-Gly-Gln-Ser-Ala-Asp-Cys-Pro-Arg-Phe: and Flavondin. which has the following sequence: Gly-Gly-Giu-Cys-Asp- 
Cys-Gly-Ser-Pro-Gtu-Asn-Pro-Cys-Cys-Asp-Ala-Ala-Thr-Cys-Lys-Leu-Arg-Pro-Gly-Ala-Gln-Cys-Ala-Asp-Giy-Leu- 
Cys-Cys-Asp-Gln-Cys-Arg.Phe-Lys-R-R'-Arg-Thr-lle-Cys-Arg-lle-Ala-Arg-Gly-Asp-Phe-Pro-Asp-Asp-Arg-Cys-Thr- 
Gly-Leu-Ser-Ala-Asp-Cys-Pro-Arg-R-Asn-Asp-Leu. wherein each of R and R' is independently any amino acid. 
[0279] Other ligands useful for targeting the GPllblila receptor include synthetic compounds, such as Ac-(D)Phe- 
Pro-boroArg and me cyclic pepttdomimeuc cyclo<0-2-aminobutyrate*N*Methyl-L-Arginyl-Glycyl-L-Aspartyl-3-amino- 
methyi-benzotc acid) methanesuifonate salt Peptides that can also he used include a library of hexapeptides fiankffo 
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by cysteine residues (capable ol formmg cyclic d.suifides) and cyclic disulfide-bonded forms of pepndes wuh -e « 
quence Arg-Gly-Asp or Lys-GIy-Asp. as well as the carboxyl-term.nal derived peptide. R«="WMVvK Certain ~*n* 
glycoorotems such as Thrombospondin are also useful .n this regard. Members of the serpn fam.iy of senne proiease 
mn.o.tors such as Plasm.nogen activator mmbitor type 1 (PAM) are other useful ligands 

^ 8 °L G !" erai,y 11 ' S P referred » employ as target.ng hgands for the GPflbllla receotor a peotde having from abcul 
3 to about 20 ammo acids, w.th peptides having from about 4 to about 15 ammo ac.ds be-ng more orer-rred <=vor 
more preferably, targeting ligands for the GPIIbllla receptor may comprise pepndes having from about 4 to aoou^' 
ammo acds^ w,ih peptidos havmg from about 4 to about 6 ammo acds or about 5 ammo adds being still more preferred 
If desired, the peptides may be cyclized. for example, by (1) s.de ch8.n-io-s.de chain covalent linkages, .ne ud.no for 
example by tha format.on of a d.sulfide linkage via the ox.dai.on of two >h.ot con.ainmq ammo acds or analogs thereof 
includrng for example, cysteine or psn.ctllam.ne: (2) end-to-side chain covalent linkages, including ?or example bv 
the use of the amino terminus of the ammo ac.d sequence and a side chain carboxyiate group, such as for -xamo-e 
a non-cnt.cal glutamic acid or aspartic ac.d group. Alternatively, the end-to-s.de cha.n covalent linkage may mvolve the 
carboxylate term.nus of the amino acid sequence and a s.de cha.n ammo am.c.ne. guanine, or other group ,n r he 
sidechain which contains a nucleophilic nitrogen atom such s.cechain groups .ncludmq. for example lysme arq.nire 
homoargrnme. homolysme. or the like (3) end-to-end covalent linkages that are covalent amide linkages or the UUe 
Such processes are well known to those skilled m the art. In addition, "pseudocyclizat.on" may be employed in wh,.~r 
cycl.zat.on occurs via non-covalent interactions, such as electrostatic .nteractions. which .nduces a folding of tha sec 
oneary structure to form a type of cyclic moiety. It .s contemplated that metal .ens may aid the induction of a "pseudo- 
cyclic' formation. This type of pseudocyclic formation may be analogous to "zirc fingers." As known to one of ordinary 
skill .n tne art zinc fingers involve the formation due to electrostatic interactions between a z.nc ion a**) and cysteine 
penicillamine and/or homccysteme. of a region in the shape of a loop (the finger). In the case of homocysteine !he 
sequence would res.de at the t.p of the finger. Of course, .t is recognized thai, in the context of the present 
invenhon. any type of stabilizing cyclizat.on would be suitable as long the recognition and binding pept.de iigand such 
as. for example. RGD. maintains the proper conformation and/or topography to bind to the appropr.ate receptor in clots 
with a reasonable Michaei.s-Menten constant (k m ; or binding constant. As used herein, the term "conformation" refers 
to the three-cmensionai organization of the backbone of the peptide, pepto.d. or pseudopept.de. and the term "topeg- 
rapny- refers to the three-dimensional organization of the sidechain of the peptide, peptoid. or pseudopeptide 
[0281] Other suitable targeting liganos include the following compounds. Ac-Cys-Arg-Giy-Asp-Met-Phe-Gly-Cvs- 
CONH 2 . Ac-Cys-Arg-Gly-Asp-Met-Leu-Arg-Cys-CONH 2 : Ac-Cys-Arg-Gly-Aso-Phe-Leu-Asn-Cys-CONH, Ac-Cys- 
Asn-Thr-Leu-Lys-Gly-Asp-Cys-CONH 2 ; Ac-Cys-Asn-Trp-Lys-Arg-Gly-Asp-Cys-CONH 2 : and Ac-Cys-N-m 9 thyl-Arg- 
Gly-Asp-Pen-CONH 2 . where "Pen" refers to penicillamine {|j.|J-dimethylcysteine'p. 

[0282J Other compounds whicn may be used as targeting ligands include peptides, or derivatives thereof represent- 
ed by the formula 

A-B-Arg-Gly-Asp-C-0 

wherein A is proline, thioproline. hydroxyproline. dehydroproline 2-oxo-4.thiazoiidine carboxylic acid. N-alkyl glycine 
or an ammo acid derivative of the formula 

(CHz) m 


7 (Chyn-co— 


tryptophan, or a tryptophan derivative of the formula 
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(CHzJq— CH-Rs 
CO— 

Rj 


I 


R4 


to 

pyroglutamic acid or 2-azetidinone-4<arboxylic acid 

[0283] 8 is serine glycine valine, alanine, threonire or |>-alaane: C is an amino acid grcup having a hydrophobic 
functional group: and 0 is r.ydroxy or amino: wherein R, is nydrogen -(CH 2 ) p CH 3 or -CO-{CH 2 ) 0 CH 3 : R 2 ;s hydrogen 
or alkyl R 3 is hydrogen or atkoxy: R 4 is hydrogen or alkyl: R 5 is hydrogen, amino or acylammo: m is an integer of 2 tc 
15 5. n is an integer of 0 to 2: p is an integer of 0 to 5. and q is an integer of 0 to 3. 

[0284] Another targeting ligand which may be suitable for use in connection with the present compositions is a pep- 
tide, a peptide derivative, or a salt thereof having the formula 


where A is arotic acid or hydroorotic acid: 3 is an ammo acid: C is an amino acid having a hydrophobic functional 
group: and D is hydroxy or amino. In the above compounds, examples of ammo acids having hydrophobic functional 
groups in the definition of 'C" are tryptophan and phenylalanine. 

25 [0285] Various peptides which would be suitable for use as a targeting ligand in connection with the oresent invention, 
especially for targeting GPlibllla. are disclosed, for example, in U.S. Patent No. 5.498.601 and European Patent Ap- 
plications: 0 36S 466 A2. 0 382 451 A2. and 0 422 938 81. the disclosures of which are hereby incorporated herein 
by reference, in their entirety. Other targeting ligands which may be used in the compositions of the present mvenncn. 
in addition to those exemplified above, would be apparent to one of ordinary skill in the art in view of the present 

30 disclosure. Suitable targeting ligands include, for exampie. conjugated peptides such as. for example, glycoconjugates 
ana lectins, which are peptides attached to sugar moieties. The compositions may comprise a single targeting Isgard. 
as well as two or more different targeting ligands. 

[0286] The targeting ligand is preferaoly covalently bound to the surface of the stabilizing material or vesicle by a 
spacer mcluaing. for example, hydrophilic polymers, preferably polyothylene glycol. Preferred molecular weights of the 

is polymers are from 1000 da to 1 0.000 da. with 500 da oemg most preferred. Preferably the polymer is Afunctional with 
the targeting ligand bound to a terminus of the polymer. Generally, the targeting ligand will range from about O.i tc 
about 20 mole°'o of the exterior components of the vesicle, in the case of gas-rilled lipid vesicles, this amount is pref- 
eraoly between about 0 5 and about 10 mole% with about 1 to *bout 10 mole°o being most oref erred The exact ratio 
will depend upon the particular targeting ligand. 

40 [0287] In one embodiment of the invention, the targeiing ligands are directed toward lymphocytes which may be T- 
cells or 8-cells. with T-cells being the preferred target. Depending on the targeting ligand. the composition may be 
targeted to one or more classes or clones of T-cells. To select a class of targeted lymphocytes, a targeting ligand having 
specific affinity for that class is employed. For example, an anti CO -4 antibody can be used for selecting the class of 
T-cells harboring CO-4 receptors, an anti CD-8 antibody can be used for selecting the class of T-cells harboring CD- 

J 5 3 receptors, an anti CD-34 antibody can be used for selecting the cfass of T-cells harboring CD-34 receptors, etc. A 
lower molecular weight ligand is preferably employed, e.g. . Fab or a peptide fragment. For example, an OKT3 antibody 
or OKT3 antibody fragment may be used. When a receptor for a class of T-cells or clones of T-cells is selected, the 
composition will be delivered to that class of celts. Using HLA-de rived peptides, for example, will allow selection of 
targeted clones of cells expressing reactivity to HLA proteins. 

so [0288] The ultimate purpose of the linkage between the targeting ligand and the target may be the delivery of a 
bioactive agent to the ceil for endocytosis or fusion. Although not intending to be bound by any particular theory ol 
operation, once the stabilizing material or vesicle has linked to its target, the bioactrve agent may gam access to the 
interior of the target ceil either through a fusion -in ilia ted capping and patching mechanism, the intervention of ciathnn- 
coated pits or through classical endocytosis. depending on the mechanisms for engulfment peculiar to the target cell. 

5$ or by other natural or induced means. A bioactive agent, such as dexamethasone. then stimulates programmed cell 
death (apoptosis) through its well-established cytotoxicity. One skilled m the art will recognize the potential for other 
such targeted uses of bioactive agents which gain access to the target celts or tissue via ligand-recsptor otndmg. 
[0289] The following rabie illustrate ligands from the major histocompatabiiity complex (MHC) and their receptors in 
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the class of T-ceils for which they have affinity. Alt ire iigands. r-cell receptors and peptide sequences ,n ,i 
below may be used m the present invention. P«P"u» ^uences in d 


:he :acie 


TABLE 1 


T-C ell Receptor 


MHC LIGANOS AND T-CELL RECEPTORS 


HTB157 7 


HT3157 7 
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Ligand 


Kt> { QiQb hybrid) 


P< S 153-1 74 


L J 'p2Ca 


Peptide Sequence 

Heterogeneous 
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L- 1 -p2Ci-A5 


L J p2C^-A3 


L J .p2CH-A5 


-SrFAFCL 


LSAFPFDL 


LSPFPFCA 
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L d -S_9 


SPFPFDLLL 


2C 


2C 


L d /QL9 


LSPFPFDL 


QLSPSPOL 


4G3 


2C 


2C 


Clone 30 


:4 3d 


5C.C7 


223.4 
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2B4 


2B4 


K b 'pOV3 


L^p2Ca-Y4 


L*/p2Ca-Al 


K b /1gG (bivalent) 


t -E d /pHA 


1-E k /MCC 


1-EVMCC-K99A 


1-E k /MCC 


1 -EVPCC 


•E k /MCC-TlQ2S 


SIINFEKL 


LSPYPFOL 


ASFFPFDL 


Heterogeneous 


SSFGAFGIFPK 


ANEPADLIAYLKQATK 


ANERAOLIAYLKQATK 


ANERAOLIAYLKQATK 


ANERADL1AYLKQATAK 


ANERADUAYLKQASK 


HA1.7 


SEB 


14.3d p* 


14.3d fj 


3EC1 


5EC2 


14 3d |3 


14.3d (3 


3EC3 


SEB 


14 3d (i 


SPEA 

S<ngle-*tter code for amino aada. Summarised from F-emoo t et al. Currm: Op,n,on In immunology. . 1 996) 3:93- 100. page 96 Table 2 ihedisctosure 
ot *h.ch is hereby incorporated herein by reference in its entirety. ^ aisciosure 


[0290] Another major area for targeted delivery involves the tnterlekin-2 (IU-2) system. IL-2 is a t-cell growth factor 
produced following antigen or mitogen induced stimulation of lymphoid cells. Among the cell types which produce IL- 
2 are CD4* and C08* (-cells and large granular lymphocytes, as well as certain t-cell tumors. IL-2 receptors are glyc- 
oproteins expressed on responsive cells. They are notable in connection with the present invention because they are 
readily ondocytosed into lysosomal inclusions when bound to IL-2. The ultimate effect of this endocytosis depends on 
the target cell, but among the notable in perfects are regression of transplantable murine tumors, human melanoma 
or renal cell cancer. IL-2 has also been implicated in antibacterial and antiviral therapies and plays a role m allograft 
rejection. In addition to IL-2 receptors, preferred targets include the antt-lL-2 receptor antibody, natural IL-2 and an il- 
2 fragment of a 20-mer peptide or smaller generated by phage display which binds to the IL-2 receptor. 
[0291 J Although not intending to be bound by any particular theory cf operation. IL-2 can be conjugated to the sta- 
bilizing materials and/or other delivery vehicles and thus mediate the targeting of cells beanng IL-2 receptors Endo- 
cytosis of the ligand-receptcr complex would then deliver a b.oactive agent to the targeted cell, thereby inducing us 
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deaih through apopiosis -- ndependem and superceding any proliferative or acitviatmg effect which IL-2 would cromcte 
alone. 

[0292] Additionally, an IL-2 peptide fragment which has b-ndmg affinny fcr IL-2 receptors can be irccrpcrated either 
by direct attachment to a reactive moiety on the bioactive agent or via a spacer or linker moiecute with a reactive enc 
such as an amine, hydroxyl. or carboxylic acid functional group. Such linkers are well known m the art and may comprise 
from 3 to 20 ammo ac:d residues. Alternatively. 0-arniro acids or denvatized ammo acids may be used which avoic 
proteolysis tn the target tissue. 

[0293] Still other systems which can be used m the present nvention include igfvt-mediated endocytosis m B-celis 
or a variant of the ligand-receptor interactions descroed aoove wherein the T-cell receotor ts C02 and the hgand is 
lymphocyte function -a ssociated antigen 3 (LFA-3) as described for example, by Wallner et al. J. Experimental Med . 
166 923-932 (1987). the disclosure of which is hereby inco-porated by reference he'ein in its entirety, 
[0294] The targeting ligand may be incorporated m the p'esen: stabilizing materials in a variety of ways. Generally 
speaking, the targeting ligand may be incorporated in the present stabilizing materials by being associated covalently 
or non -covalently with one or more of the stabilizing rr-Hteririls which are ncluded in the compositions mc uding. for 
example, the bioactive agents, lipids, proteins, polymers suiHc:a its. and/or auxiliary stabilizing materials. In preferrec 
form, the targeting ligand may be associated covalently with one or more of the aforementioned materials containea 
in the present stabilizing materials. Preferred stabilizing materials of the present invention comorise bioactive agent, 
lipid, protein, polymer or surfactant compounds. In these compositions, the targeting iigancs are preferably associated 
covalently with the bioactive agent, lipid, protetn. polymer cr surfactant compounds. 

[029S] Exemplary covalent bonds by which the targeting ligands are associated with the stabilizing materials induce, 
for example, amide (-CONH-): thioamide (-CSNH-): ether (ROR'). where R and R' may be the same or afferent and 
are other than hydrogen): ester (-COO-): thioester (-COS-): -O- -S- -S n -. where n is greater than 1 preferably aocul 
2 to about 3. and more preferably about 2: carbamates: -NH- -NR-. where R is alkyl. for example, alkyf of from 1 to 
about 4 carbons: urethane: and substituted imidate: and combinations of two or more of these. Covalent bonds between 
targeting ligands and. for example, lipids, may be achieved through the use of molecules that may act as spacers to 
increase the conformational and topographical flexibility of the ligand. Examples of sucn spacers include, for example, 
succinic acid, i 6-hexanedicic acid. 1 9-octanedioic ac:d. and "he like, as well as modified amino acids, such as. lor 
example. 6-aminohexanoic acid. 4-aminobutanoic acid, and the like, in addition, *n the case of targeting ligands which 
comprise peptide moieties, side chain-to-side chain crosslinking may be complemented with side chain-to-end 
crosslinking and/or end-to-end crosslinking. Also, small spacer molecules : such asdimethyisuberimidate. maybe used 
to accomplish similar objectives. The use of agents, including those used in Schiffs base-type reactions, such as glu- 
teraldehyde. may also be employed. The Schiffs base linkages, which may be reversible linkages, can be renderea 
more permanent covalent linkages via the use of reductive ammation procedures. This may involve, for example, 
chemical reducing agents, such as lithium aluminum hydrido reducing agents or their milder analogs, including lithium 
aluminum diisobutyl hydride (DIBAL). sodium borohydrde (Na8H 4 ) or sodium cyanoborohydnde (NaBH 3 CN>. 
[0296] The covalent linking of the targeting ligands to the stab lizmg materials in the present compositions may be 
accomplished using synthetic organic techniques which would oe apparent to one of ordinary skill in the art in view of 
the present disclosure For example, the targeting ligands may be (inked to the materials, including the lipids via the 
use of well known coupling or activation agents As known to the skilled artisan, activating agents are generally eiec- 
trophihe. which can be employed to elicit the formation of a covalent bond. Suitable activating agents which may be 
used include, for example, caroonyldi imidazole (CDI) : dicyclohexylcarbodiimide (DCC). diisopropylcarbodiimide tOlC). 
methyl sulfonyl chloride. Castro's Reagent, and diphenyl phosphoryl chloride. 

[0297] The covalent bonds may involve crosslinking and/or polymerization. Cross-linking preferably refers to the 
attachment of two chains of polymer molecules by bridges, composed of either an element, a group, or a compound, 
which join certain carbon atoms of the chains by covaient chemical bonds. For example, crosslinking may occur in 
polypeptides which are joined by the disulfide bonds of the cystine residue. Crosslinking may be achieved, for example, 
by ( 1 ) adding a chemical substance (crosslinking agent) and exposing the mixture to heat, or (2) subjecting a polymer 
to high energy radiation. A variety of crosslinking agents, or "tethers", of different lengths and/or functionalities are 
described, for example, by Lunbland. Techniques in Protein Modification. CRC Press. Inc.. Ann Arbor. Ml. pp. 249-69 
(1995). the disclosures of which is hereby incorporated herein by reference in its entirety. Exemplary crossi:nkers 
include, for example. 3.3'-dithiobi$(succinimidylpropionate). dimethyl subenmidate. and its variations thereof, aaseo 
on hydrocarbon length, and bis-N-maleimido-i.3-octane. 

[0298] Additionally, the targeting ligands may be linked or attached to the bioactive agents, lipids, proteins, polymers, 
or surfactants or other stabilizing materials via a linking grcup. A variety of linking groups are available and would be 
apparent to one skilled in the art in view of the present disclosure Preferably, the linking group comprises a hydrophihc 
polymer. Suitable hydrophihc polymers include, for example, polyalkyleneoxides such as. for example, pofyethylene 
glycol (PEG) and poly-prooylene glycol (PPG), polyvinyl -pyrro'idones. polyvinylmethytethers. polyacry lam ides such 
as. for example polymethacry l -amides polydimethyiacryiamides and poiyhydroxypropyi-methacrylamides polyhy- 
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droxy-ethy lactates, polyhydroxypropylmethacrylates. polymethyloxazol.nes. 30lyethyioxa*>lines polyhyrjroxv^v 
icxazonnes. pclynyhydroxy-propyloxazclines. po.yv.ny. alcohols, po.yphosohazenes. ^^oxya^^Z ^' 

' " P=G irPPr 9r " P COn r t,n9 ° f PPG ' ^'^^'a'cohc. and po.yv.nylpyrrol.done and copoly^ersVere- 
of with PEG and PPG polymers being mors preferrec and PEG polymers being even more prefered 'hus n embed- 
.ments moMng l.p.d compositions wh.ch compr.se >.pda bearing polymers including, for example' DPPE-P^G Z 

TdPP= pITtTT. IT d ' r ? Ct,y t0 P ° lym6r Wh ' Ch ,S a,taChed l ° lh9 " Pld t0 ° rOVrde - f ° r 9XamD,e - a ^l"9a<e 
p C ™ rn , lS 3 " tin9 " 9and - ThLS " USI ° 9 th6 9Xamp,e DPD ^G. such as. for exam p; e OPP=. 

P,G5000. the aforement.oned conjugate may be represented as DPPE-PEG5000-TL. The hydroph.lic polymer usee 
TJ» r 9 ^Z^T^ a o.funcr,ona. poiym.r for sample b,funct:onal PEG. such as diam.no PEG n fh * 
cm one end of ;he PEG group is linked, for example to * H P ,d compound, and « bound at the free eno to the targennc 
ligand via an amide linkage. A hydroph.lic polymer .-or example. PEG substituted w.th a terminal carboxyiate -roup 

ZZl Z T 3 T mi T 3m ' n0 9fOUP ° n the 3lher ° nd ™ v a,SO be ' jsed These bifunctiona. hydrepmhe 
polymer may be preferred since they possess various similarities to amino acids 

[0299] Standard pept.de methodology may be used tc i.nk the targeting ligand to the l.p.d when ut.l.z.nq linker -rouos 
hav.ng :wo unique .erm.nal functional groups. B.funct.onal hydrcph.hc polymers, and especially Afunctional PEGs may 
be synthesized using standard organrc synthetic methodo.og.es In addition, many of these materials are available 
commercially, s uch as. for example. a-am.no-o.carboxy-PEG wh.ch - 8 commercially available from Shearwater Po y 
rrers (Huntsv.lle. AL). An advantage of using a PEG material as the linking group ,s that :he s.ze of the PEG can be 
varied such that :he number of monomer.c subumts of ethylene glycol may be as few as. for example about 5 or as 
many as. for example, about 500 or even greater. Acccrd.ngly. the -tether- or length of the hnkage may be varied as 
desired. Th.s may be .mportant depending, for example, on the part,cular rarget.ng l.gand employed. For example a 
targeting l.gand wh.ch comprises a large protein molecule may require a. short tether, such that ,t w.ll simu.ate a mem- 
brane bound protein. A short tether wou.d also allow for a vesicle to ma.ntain a dose proximity to the cell Th.s can be " 
used advantageously .n connection w.th vesicles which also comprise a bioaetive agent in that the concentration of 
bioactive agent which is delivered to the cell may be advantageously increased 

[0300] Another suitaole linking group wh.ch may provide a snort tether is glyceraldehyde Glyceraldehyde may be 
bound tor example, to DPPE v.a a Sch.ffs base reaction. Subsequent Amador, rearrangement can provide a substan- 
tially short l.nk.ng group. The |i carbonyl of the Sch.ffs oase may then react with a lysine orarginine of the tar 5 ehnc 
protein or peptide to form the targeted lipid. 

[0301] More specifically, the compounds employed in the present stabilizing materials may contain various funct.ora; 
groups, such as. for example, hydroxy, thio and am.ne groups, which can react w.th a carboxylic acid or carboxyi.e 
ac.d der.vat.ve of the hydroph.lic polymer.c linker using su.table coupling conditions which would be apparent to one 
of ordinary skill .n the art in viow of the present disclosure. After the carboxylic ac.d group for der.vat.ve thereof) -cacts 
w.th the functional group, for example, hydroxy thio or am.ne group to form an ester, th.oester or am.de group any 
protected functional group may be deprotected ut.liz.ng procedures wh.ch would be well known to one skilled m the 
art. The term protecting group refers to any moiety which may be used to block the reaction of a functional group anc 
which may be removed, as desired, to afford the unprotected functional group. Any of a variety of orotect.ng crouos 
may be employed and these will vary depending, for example, as to whether the group to be protected is an am.re 
hydroxy! or carboxyl moiety. If the functional group is a hydroxyl group, suitable protecting groups include for example 
certain ethers, esters and carbonates. Such protecting groups are described, for example, in Greene TW and Wuts 
"Protective Groups in Organic Synthesis" John Wiley. New York. 2nd Edition (1991). the disclosure of wh.ch is 
hereby incorporated herein by reference in its entirety. Exemplary protecting groups for amine groups include for 
example, t-butyloxycarbonyl (Boc). allyloxycarbonyl (Alloc). benzyloxycarbonyHCbz). o-n.trobenzyloxycarbonyl anc 
and tnfluoroacetate (TFA). 

[0302] Amine groups which may be present, for example, on a backbone of a polymer which ;s .nciuded in me 
vesicles, may be coupled to amine groups on a hydroph.lic linking polymer by forming a Sch.fTs base, for example by 
using coupling agents, such as glutaraldehyde. An example of this coupling is described by Allcock et al Macromoi- 
ecules. 19(6). 1502-1 508 (1586). the disclosure of which is hereby incorporated herein by reference .n its entirety. If 
for example, vesicles are formulated from polylysine. free ammo groups may be exposed on the surface of the ves.des 
and these free amine groups may be activated as described above. The activated amine groups can be used in turn 
to couple to a functionatized hydrophilic polymer, such as. for example. «-amino-oi-hydroxy-PEG in which the «-hydroxy 
group has been protected with a carbonate group. After the reaction is completed, the carbonate group can be cleaved, 
thereby enabling the terminal hydroxy group to be activated for reaction to a suitable targeting ligand In certain em- 
bociments. the surface of a vesicle may be activated, for example, by displacing chlorine atoms in chlorine<containmg 
phesphazene res.dues. such as poiydichlorophosphazene. Subsequent addition of a targeting ligand and quench.ng 
of the remaining chloride groups with water or aqueous methanol will yield the coupled product. 
[0303] In addit.cn. poiy(diphenoxyphosphazene) can be synthesized fAlicock et al. Macromotecutes. i9f$)- 
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1 5C2- 1 503 ( 1 956)) and immobilized, (or example, on OPPE 'ollcwed by nitration of ihe phenoxy moieties by tr e aaciiticr 
of a mixture of nitric acid and acetic anhydnde. The subsequent nttro groups may then be activated, for example 
(1) treatment with cyanogen bromide m CM M phosphate buffer (pH 11). followed by acdition of a :argeting iiganc 
containing a free ammo moiety to generate a coupled urea analog. (2) formation of a diazonium salt using sodium. 
* nitnte/HCI. followed by addition of the targeting igand to form a coupled ligand. and/or (3) .he use of a diasdehyae for 
example, gtutaraidehyde as described above, to form a 3ch<ff's base After linking the CPPE to the hydrophilic polymer 
and the targeting ligand. the vesicles may be formulated utilizing the procedures described neram. 
[0304] Aldehyde groups on polymers can be coupled with amines as described above by forming a Scriff's base 
An example of this coupling procedure is described ;n Allcocfc ard Austin. Macromclecules. /41S1S ( 1 93 1V the dis- 
'0 closure of which is hereby incorporated herein by reference in :s entirety. 

[030S] in the above procedures, the polymsr or *ermtrus cf the lipid, for axample. pnosphatidylglycerol or phcsphrtti- 
dylethanolamine. is preferably activated and coupled to *.he hydrophtlie polymeric linker, the terminus cf which has 
been blocked in a suitable manner. As an example of this strategy r/.-amino-o»-carbcxy-PEG40C0 having a >3cc pro- 
tected terminal ammo group and a free carboxy late end may be activated with 1 t ' -caroonyi-dumidazcle m the presence 
*s of hydroxybenzoinazole in N -methyl py roll idone. After the addition of phosphatidylethanolamine. the t-Boc croup may 
be removed by using tnfluoro-acetic acid(TFA). leaving the free amine. The amine may then be reacted with a tar-^etmc 
ligand which may comprise, for example a peptide, protein, alkaloid, or other moiety, by similar activation cf the dgand. 
to provide the lipid-linker-targeting ligand conjugate. Other strategies, m addition to those exemplified above, may be 
utilized to prepare the lipid-lmker-targetmg ligand conjugates. Generally, these methods employ synthetic strategies 
20 which are generally known to one skilled in the art of synthetic organic chemistry. 

[0306] As known to one cf ordinary skill in the art immunoglobulins typically comprise a flexible region whicn is 
icentified as the "hinge" region. See. e.g.. "Concise Encyclopedia of Biochemistry* Second Edition. Wklter de Gruyter 
& Co.. pp. 292-293 (1988). Fab' fragments can be linked to the bioactive agents, lipids, polymers, proteins and/or 
vesicles using the well-defined sites of the thiols of the ninge region. This is a preferred region for coupling Fab" trag- 
us ments as the potential binding site is remote from the antigen-recognition site. Generally, it may be difficult to utilize 
the thiols of the hinge group unless they are adequately prepared. In particular, as outlined by Shahinian and Salvias 
(Biochimica el Biophysics Acta, 7239:157-167 (1995)) it may be important to reduce the thiol groups so mat they are 
available for coupling, for example, to maleimide derrvatized linking groups. Examples of reducing agents commonly 
used are elhanedithiol. mercapto-ethanol. mercaptoethylamine or the more commonly used dithiotnreitol. commonly 
30 referred to as Cleland's reagent. However, it should be noted that care should be exercised when utilizing certain 
reducing agents, such as dithiothreitol. as overreduction may result. Discriminating use of reducing agents may be 
necessary in connection with proteins whose activity or binding capacity may be compromised due to overreduction 
ana subsequent denatu ration or conformational change. See. Shahinian et al. Biochim. Btophys. Acta. 1239.1 57-167 
(1995). the disclosure of which is hereby incorporated heroin by -ofcronco in its entiroty. 

[0307] F(ab') 2 antibody fragments may be prepared by neubating the antibodies with pepsin (60ug/ni;. mOl M 
sodium acetate <pH 4 2) for 4 h at 37°C. Digestion may be terminated by adding 2 MTris (pH8 3) to a fmal concentration 
of 50 mM. The F(ab') 2 fragments may then be obtained by centrtfugation (10.000 x g. 30 min. 4°C). The supernatant 
may then be dialyzed at 4°C against 150 mM NaCI. 20 mM phosphate at pH 7 0. This then may be chromatographea 
on a column of Protein A-Sepharose CL-48 to remove any undigested igG. The Fab* fragments may then be preparea 

*o by extensively degassing the solutions and purging with nitrogen prior lo use. The F(ab') 2 fragments may oe provided 
at a concentration of 5 mg/ml and reduced under argon in 30 mM cysteine. Alternatively, cysteamine may be employed. 
100 mM Tris. pH 7.6 may be used as a buffer for 15 min at 37°C. The solutions may then be diluted 2 -fold with an 
equal volume of the appropriate experimental buffer and spun through a 0.4 ml spin column of Bic-Gel P-50G. The 
resulting Fab' fragments may be more efficient in their ccupling to maleimide linkers. Note also that the same procedure 

J 5 may be employed with other macromolecules containing cysteine residues for coupling, for example, to the maleimide 
spacers. Also, peptides may be utilized provided that they contain a cysteine residue. If the peptides have not been 
made fresh and there is a possibility ot oxidation of cysteine residues within the peptide structure, it may be necessary 
to regenerate the thiol group using the approach outlined above. 

[0308] Additional linkers would include other derivatives of lipids useful for coupling to a bifuncticnal spacer For 
=o example, phosphaudylethanolamine (PE) may be coupled to a bifunctional agent. For example N-succinmidyi 4-(p- 
maieimtdo*phenyl)butyrate (SMPB) and N-succinimidyl 3-(2-pyridyldithiol) propionate (SPDP). N-succinimdyl trans- 
4-(N-maleimidylmethyl)cyclohexane-i-carboxylate (SMCC). and N-succinimidyl 3-maleimidylbenzoate (SMB) may be 
used among others, to produce, for example the functionalized lipids MPB-PE and POP-PE 

[0309] The free end of the hydrophilic spacer, such as polyethylene gfycol ethylamine. which contains a reactive 
55 group, such as an amine or hydroxy I group, could be used to bind a cofactor or other targeting ligand. For example, 
polyethylene glycol ethylamine may be reacted with N-succimmidyibiotin or p-nitrophenylbtotm to introduce onto the 
spacer a useful coupling group. For example, biotin may be coupled to the spacer and this will readily bind non-cova- 
lently proteins As an example. MPB-PEG-OPPE may be synihesized as follows. OPPE-PEG with a free amino group 
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at the terminus of (he PEG wilt be provided as cescnbed previously. Synthesis of the SMPB PEG-OPPP may tr-n - e 
earned out with ■ equivalent of :r.ethylam.n e «n cnloroform at a molar ratio of 1 5 SMPB DPPE-PEG After 3 4ur 
the reaction mixture W .|| be evaporated to dryness under argon Excess unreacted SMPB and major o y oroduc^s ,,?r 
be removed by preparative thin layer chromatography (TLC. silica gel developed with 50% acetone >n chloroform" - e 
upper pornon of the lipid band can be extracted from the silica with about 20-30% methanol ,n chloroform (V V) r- su it.na 
m the isolation of pure .ntact MPB-Peg-DPPS. Streptavid.n may then oe coupled :o proteins so that the prcte.ns n turr 
may then be coupled to the MPB-PEG-OPPE. Briefly SPDP would be incubated with streptav.din at room temperature 
for 30 minutes and chromatography employed to remove unreacted SPDP O.thiothreitcl iDTT) was added to -ho , 9 
action mixture and 10 minutes later 2-th,opyndone at a concentration of 343 nM. The remainder of the reaction mature 
.3 reduced with DTT (25 mM for 10 mm , r he th.otated product ,s .solated by gel exclus.on The resulting striven 
labeled proteins may then bo used to oind to the biotinylated spacers affixed to the lipid moieties 
[0310] The targeted compounds of [he present invention are incorporated in compositions which are used to form 
targeted emulsions and/or targeted vesicles, including, for example, targeted emulsions, targeted micelles large-c 
liposomes, targeted albumin coated m.crospheres targeted polymer coated microspheres, and/or targeted cochi»ates 
Tne targeting ligand which is attached to the compounds from which the vesicles are preparea may be direc'-d for 
example, outwardly from tne surface of the ves.cie. Thus. :here is provided a targeted vesicle which can be used to 
target receptors and tissues. 

[031 1 ] In certain embodiments, the targeting ligands may be incorporated in the present stabilizing materials v,a ncn- 
covalent associations. As known to one skilled ;n the art. non-covalent association is generally a function of a vanety 
of factors, including, for example, the polarity of the involved molecules, the charge (positive or negative) f any. of rhe 
involved molecules, the extent of hydrogen oonding through the molecular network, and the like. Monovalent bonds 
are preferably selected from the group consisting of ionic interaction, d.pole-dipole interaction, hyarogen tones hy- 
droohilic interactions, van aer Waal's forces, and any combinations thereof Non-covalent interactions may be employee 
to bind the targeting ligand to the lipid, or directly to the surface of a vesicle. For example, the amino acid sequence 
Gly-Gly-His may be bound to the surface of a ves.cie. preferably by a linker, such as PEG. and copper iron or vanadyl 
icn may then be added. Proteins, such as antibodies which contain histidme residues, may then bind to the vesicle via 
an ionic bridge with the copper ion. as described in U.S. Patent No. 5.456.467. the disclosure of which is r- ereDy 
incorporated herein by reference in its entirety. An example of hydrogen bonding involves cardioliptn lipids which can 
be incorporated into the lipid compositions. 

[0312] In preferred embodiments of the present invention, which may mvofve vesicles, changes, for example .n pr 
anc/or temperature in vivo, may be employed to promote a change in locat.on in the targeting ligands. for examp.e 
from a -ocation within the vesicle, to a location external to the outer wall of the vesicle. This may promote binding ol 
the targeting ligands to targeting sites, for example, receptors, such as lymphocytes, and tissues including myocardial 
cncothelial and epithelial colls, since the targeting ligand has a greater likelihood of oxposure to such targeting sites 
In addition, high energy ultrasound can be used to promote rupturing of ihe vesicles. This can also expose the tarqetmc 
ligand to the desired binding site. ■ " 

[0313] As an example, a targeting ligand incorporated into the compositions ol the present invention may be of the 
formula (XV): y 

L-P-T (XV) 

wherein L is a lipid protein, polymer, carbohydrate, surfactant, bioactive agent or the like: P is a hydrophilic poiymer 
ana T is a targeting ligand. 

[0314] In a preferred embodiment. L is a lipid selected from the group consisting of lecithins, phosphatidylcholines, 
phcsphatidylserines. phosphatidylinositols. cardiohpms. cholesterols. cholesterolamines. lyscphcsphatides. eryth- 
rosphingosines. sphingomyelins, ceramides. cerebrosides. saturated phospholipids, unsaturated phospholipids, anc 
krill phospholipids. More preferably. L is a lipid is selected from the group consisting of lecithins, phosphatidylcholines, 
phcsphatidylserines and phosphatidylinositols. In other preferred embodiments L is a lipid selected from the group 
consisting of L2<liacyl-sn-glycero-3-phosphocholines. t 2-diacyl-sn-glyc8ro-3-phosphoethanolamines. i 2-diacyl-sn- 
giycero-3-[phospho-rac-(l -glycerols)]. 1 2-diacyl-sn-glycero-3-phosphates. 1.2-diacyl-sn-glycero-3-[phosphoserines}. 
^phosphatidylcholines, lysophosphatidylglycerols. 1 2-diacyl-sn-glycerols. 1.2-diacyl-ethylene glycols. N-(n- 
caproylamine)-l.2-diacyl-sn-glycero-3-phosphoethanolamtnes. N-dodecanylamme-l.2-diacyl-sn-glycero-3-phcs- 
phcethanolamines N-succinyM 2-diacyl-sn-glycero-3-phosphoelhanolammes. N-glutaryl-1 .2-diacyl-sn-giycero- 
3-pnosphoethanoiamines and N-dodecanyl-1 2-diacyl-sn-glycero-3-phosphoethanoi-amines. More preferaoly. L is a 
lipid selected from the group consisting of t.2-diacyl-sn-glycero-3-phosphochoiines l.2-diacyl-sn-glycero-3-phospli- 
oethanolamines. i 2<Jiacyi-sn-giycero-3-(phospho-rac-(i -glycerols)!. i.2-diacyl-sn-glyccro-3-phosphates i 2-diacyi- 
sn-rjiycero-3-[phosphoserinesl. lysophosphatidylcholines. lysophospnatidylglycerols and i 2-diacyl-sn-glycerols 
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[031 5] in other preferrec embodiments. Lis a protein which comprises albumin. 

[0316] In still other preferred err.bociments. L is a polymer which comprises synthetic oolymefs or copolymers pre- 
pared from monomers selected from the group consisting of acrylic acid, methacryhc ac:d. ethyleneimtne. cro:cnic ac a. 
acrytamide ethyl acrylate. methyl methacrylate. 2-hydrcxyethyi methacrylate. lactic acid, giycoiic actd. e-caprolactone 
acrolein, cyanoacrylate. bispnenot A. epichlorhydrin. hydroxyalkylacrylates. siloxane. dimetnylsiioxane. ethylene oxice. 
prooyiene oxide, ethylene giycol. hydroxyalkylmeth-acrylates. N -substituted acrylamides. N-substi-uted methacryta- 
mides. N-vinyl-2-pyrrolidore 2. 4-pentadiene-1 -ol. vinyl acetate, acrylonitrtle. styrsne. p-aminostyrene. p-aminobenzyl- 
styrene. sodium s:yrene sulfonate, sodium 2-sulfoxyethylmeth-acryiate. vinyl pyridine, amrnoethyl methacrylates. 
2-methacryloyloxytrimethylammonium chlortde and poly-phosphazene. Also preferred are compounds where L is a 
polymer which comprises synthetic polymers or copolymers selected from the group consistirg of polyacryhc ac;d 
polyethyicneim:ne. polymethacrylic acid, polymethylmethacrylate polysiloxane. poly -dime thy I siloxane polylactic ac:d. 
po!y(e-caprolactcne). epoxy resin. poly(ethylene oxide) poiyfpropyiene oxide), polyfethylene glycol) polyamide. pol- 
yvmylidene-polyacrylonitrile. polyvinylicene-polyacrylonitrile-polymethylmethacrytate and polystyrene-poiyacylom- 
trle. Preferred among these polymers is poiyvinylidene-po'yacrylonitnle copolymer. 

[0317] In other preferred embodiments. L is a surfactant, preferably a fluorosurfactant. and more preferably a fluor- 
osurfactant having polyethylene glycol attachec thereto. 

[0318] in the abcve compounds. P is a hydrophilic polymer. Preferably. P is a hydrophilic polymer selected from the 
group consisting of polyaikyleneoxides. polyvinyl alcohol, polyvinylpyrrolidones, polyacry lam ides polymethacryla- 
rr.ides. polypnosphazenes. phosphazene. poly(hydroxyalkylcarboxylic acids) and polyoxazolidines. More preferably. 
P is a polyalkyleneoxide polymer, with polyethylene glycol and polypropylene glycol being even more preferred anc 
polyethylene glycol being particularly preferred. 

[0319] In the above formula. T is a targeting ligand. Preferably. T is a targeting ligand selected from the group con- 
sisting of proteins, peptides, saccharides, steroids, steroid analogs, and genetic material, with proteins, peptides and 
saccharides being more preferred. 

[0320] In the case of targeting Itgands which comprise saccharide groups, suitable saccharide moieties include, lor 
example, monosaccharides, disacchandes and polysaccharides. Exemplary monosaccharides may have six carbon 
atoms and these saccharides include allose. a It rose glucose, dextrose, man nose, gulose. idose. galactose, taiose. 
fructose, psicose. verbose and tagatose. Five carbon saccharides include ribcse. arabinose. xylose, lyxose. nbuiose 
ano xylulose Four carbon saccharides include erythrose. threose and erythrulose. Disacchandes include sucrose, 
lactose, maltose, isomaltose and cellobiose. Saccharide bearing targeting lipids may be synthesized through a muiti- 
siep organic synthesis approach, as described more fully hereinafter. For example, lipids bearing targeting glucose 
moieties may be prepared by reacting, for example, a-glucopyranosyl bromide tetrabenzyl with co-trifluoroacetylami- 
nopoly-ethyleneglycol to obtain xg'ucopyrancsyl tetrabenzyl-o>'-tnfluoroacetylaminopoly*ethyleneglycoi. This may 
thon be hydrolyzod in a sodium carbonate or potassium carbonate solution and then hydrogenatod to obtain <>>-glu- 
copyranpsyl-to'amino-polyethyleneglycot. Aminogiycopyranosyl terminated polyethyleneglycol may then react with N- 
OPGS-succmimide to form the lipid bearing saccharide DPGS-NH-PEG-Glucose. In certain embodiments, the targeting 
Itgands target cancer cells or tumor cells. 

[0321] In another embodiment, the targeting ligand incorporated into the'compositions of the present invention may 
be of the formula (XVI). which falls within the scope of the formula (XV): 


x, x, 

I I 

r 2 c M X 2 (2) n (X 3 ) n Q 

R 3 

(XVI) 

where each X, is independently -O-. -S-. -SO-. -SO r . -NR r . -X 4 -C(=X 5 )- C(=X 5 )-X 4 - or -C{=X S )- each of X 2 and X 2 
is independently a direct bond. -R5-X 4 -C(=X 5 )-. -R 5 -C(=X S )-X 4: 

-X 4 -C(=Xs)-P 5 .. -C(=Xg)-X 4 -R s - -X 4 -R 5 -C(=X S )-X 4 -. -fl s -X 4 -C(=X 5 )-R s -C(=X s i-X 4 - or -R S -C(=X 5 )-X 4 -R S -X 4 -C(=X 5 )- 
each X 4 is independently -O* -NR 4 - or -S- each X s is independently O or S: M is -R 5 -X 4 -C(=X 5 )-. -R s -C{=X 5 i-X 4 - -P s - 
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X 4 .(YX S )P( = X S J-X 4 - or .x 4 - ( YX 5 ;P/rX 5j -X 4 -R 5 - each n is. -ndependently. 0 or 1. Y , s hydrogen or a phamacsu'-cailv 
^^°: ter f < s a polymer Q s a targeting l.gand or a precursor to a'targeting hgand ^ 

zt,°t* v an a j kyi grcup ° f 1 tc about 50 carbons that ™< ******** ^0^1^ n a ^ r 

aioms. each R, , a independently an alkylene group of i to about 30 carbons that may opt.onal.y be substituted w V 
u ;V r ri J 09 "" *° m * : e3Ch ° f P 3 and 3 .ndependently hydrogen or alky, of 1 «o about 1 0 carbons, and earn 
R 5 s mdependently a direct bond or alkylene of 1 to about 30 carbons 
[0322] 


mean 


!] In the above formula, when any symbol appears more than once .n a particular formula or subst.tuent , 
mg ,n each ,rstance ,s independent of the other Atso .ri the above formula. ,t < s intended that when each of tw 


ts 

or mor. adjacent symbols ,s defined as be.ng a "dir.*. dona- to prov.de mulfpT. . adjace^^^d* mT'r^'Ce 
ano adjacent direct bonds devolve into a single direct bond 

[0323] In preferred embodiments, each X, is independently .X 4 -C.>X S ), -Cf =X 5 )-X 4 or -C( = X S )- More preferably 
each X. .« mdependently .X 4 -C( = X 5 )- or -C(;X 5 >-X 4 - Even more preferably. X, .s -C%X)-X 4 , for example doZ 
[0324] In preferred embodiments, eacn of X 2 and X, ,s independently a direct.bona. -R s -X d -Cf rX 5 .- -R s -C( -Xe)-X 
■X 4 -C(=X s j.Ps- -C( = X S )-X 4 -R S -. -X 4 -R5.C(=X 5 )-X 4 -or-R 5 -X 4 -C(=X 5 )-R 5 .C(rX 5 )-X 4 - Wore preferably X, .s .CH,Ch*- 
s0, l flf -CH,CH,NH-C( = 0)-CH 2 CH r C(,0,-NH- and X 3 s a d.rect bond* -C = 0)-NH- P -NH-C(Io"- NH C Q . 
CH 2 . -NHCH 2 -C(=0)-NH- or -NH-C{=0)-CH 2 ChU 
[0325] Preferably, each X 4 is independently -c> or -NR 4 - 
[0326] Preferably. X 5 is O. 

C0327q Po oerta.n, preferrecl embodiments. M is .R 5 .X 4 -C(=X 5 )- or -R ; -X 4 -(YX S )P( = X 5 )-X 4 -. with M more preferably 
being -CH 2 0-C(=0) or -CH 2 0-(HO)P(=0)-0-. In certain other preferred embodiments M is -R 5 -X 4 ^=X») or R, c 
leasVo^ embocments. M is -R 5 -X 4 -lYX 5 )Pf = X s ).X 4 - or -X 4 -<YX 5 )F( = X 5 )-X 4 -R 5 , wherein at 

[0328] In the above formula. Z is a hydrophilic polymer. Preferably. Z is selected from the group consisting of po;y- 
alkyleneoxides. polyvinyl alcohol, polyvinylpyrrolidones, polyacrylam.ces. polymethacrylamides. polyphcsphazenes 
poly(hydroxyalkylcarboxylic acids)ana polyoxazol.dines. More preferably. Zcompnses a poiyalkyieneox.de Even more 
preferaoly. Z >s a polyalkyleneox.de selected from the group consisting of polyethylene glycol and polypropylene glycol 
with polyethylene glycol being still more preferred. In certain other preferred embodiments. Z is a hydrophilic polymer 
other than polyalkylene-oxides. including polyethylene glycol and polypropylene glycol. The molecular weight of Z may 
vary depending, for example, on the particular end-use of the compounds. Preferably. Z is a polymer hav.ng a molecular 
weight which ranges from about 100 to about 10 000. and all combinations and subcombinations of ranges there n 
More preferably. Z -s a polymer having a molecular weight of from about 1.000 to about 5.000 Also preferred are 
polymers which exhibit poiydispersities ranging from greater than about 1 to about 3. and all comb.nat.ons and sub- 
combinations of ranges there.n. More preferably. Z is a polymer navmg a polydispers.ty of from greater than about i 
to about 2. with polyd.spcrs.tios of from greater than about 1 to about 1 .5 bo.ng ovon more preferred, and polycisper- 
sities or from greater than about 1 to about 1 .2 being still more preferred. 

[0329] In the aoove formula. Q is a targeting ligand cr a orecursor thereto. In embodiments where Q is a targeting 
ligand. Q .s preferably selected from the group consislmg of proteins, peptides, saccharides, steroids, steroid analogs 
and genettc material, in these latter embodiments. Q is preferably selected from the group consisting of proteins 
peptides and saccharides. 

[0330] in the aoove formula, each fl, is independently alkyl which ranges from 1 to about 50 carbons and all com- 
binations and subcombinations of ranges therein, or alkenyl of from about 2 to about 50 carbons, and alt combinations 
and subcombinations of ranges therein. Preferably, each R 1 .s independently alkyl of greater than t to about 40 carbons 
More preferabfy. each R, is independently alkyl of about 5 to about 30 carbons. Even more preferably each R. is 
independently alkyl of about 1 0 to about 20 carbons, with alkyl of about 1 5 carbons being still more preferred In certain 
preferred embodiments. R, is a shorter chain alkyl of from 1 to about 20 carbons. In certain other preferred embodi- 
ments. R, is a longer chain alkyl of from about 20 to about 50 carbons, or about 30 to about 50 carbons In other 
preferred embodiments, the alkyl group in R 1 may be substituted with one or more fluorine atoms, and may be per- 
fluormated. 

[0331] In the above formula, each R 2 is independently alkylene which ranges from 1 to about 30 carbons, and all 
combinations and subcombinations of ranges therein. Preferably, each R 2 is independently alkylene of 1 to about 20 
carbons. More preferably, each R 2 is independently alkylene of 1 to about 10 carbons. Even more preferably, each R, 
is independently alkylene of 1 to about 5 carbons, with methylene being especially preferred. In other preferred em- 
bodiments. the alkylene group in R 2 may be substituted with one or more fluorine atoms, and'may beperfluonnated. 
[0332] tn the above formula, each of R 3 and R, is independently hydrogen or alkyl which ranges from 1 to about 1 C 
carbons, and all combinations and subcombinations of ranges therein Preferably, each of R 3 and R 4 is hydrogen or 
alkyl of 1 to about 5 carbons. More preferably, each of R 3 and R 4 .s hydrogen. 

[0333] In the above formula, each R 5 is independently a direct bond or alkylene which ranges from 1 to about 30 
carbons and all combinations and subcombinations of ranges therein Preferably, each R 5 is independently a direct 
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bond or alkylene ol l to about 20 carbons. More preferably each fl 5 is independently a direct bond or aikylene of ! ;c 
about i0 carbons. Even more preferably, each R 5 is independently a direct bond or gfkylene of 1 to aoou; 5 carcors 
Still mere preferably, each R 5 is a direct bond or -(CH 2 ) X * where x is 1 or 2. 

[0334] The staotlizing materials and/or vesicles of the present invention may be prepared using any of a variety ol 

5 suitable methods. These are described below separately lor the embodiment involving stabilizing materials and a 
gas. including gas filled vesicles and embodiments involving stabilizing matertals and a gaseous precursor. mc:uding 
gaseous precursor filled vesicles, although stabilizing materials comprising both a gas and a gaseous precursor are a 
part of the prssen: invention. A targeting ligand may be attached to the gas and/or gasaous precursor filled vesicle by 
bonding to ore or more of the materials employed in the compositions from which they are made, including the bioactive 

} 0 agents lipids proteins, polymers, surfactants carbohydrates and/or auxiliary stabilizing materials 

[033S] A wide variety of methods are available for the preparation of the staoilizmg matena'S. including vesicles, 
such as micelles and/or liposomes Includea among these methods are. for example, snaking, drying. ^as-mstaPat'cn 
spray crying, and the like Suitable methods for preparing vesica compositions are described, for example, in U S 
Patent No. 5.469.854. the disclosure of which is hereby incorporated herein by reference m its entirety The vesicles 

'5 are preferably prepared from lipids which remain in the gel state 

[0336] Micelles may be prepared using any one of a variety of conventional micellar preparatory methods which will 
be apparent to one skilled in the art. These methods typically involve suspension of the stabilizing material, such as a 
lipid compound, m an organic solvent, evaporation of the solvent, resuspension in an aqueous medium, sonication ana 
centrifugal ion. The foregoing methods, as well as others, are discussed, for example, in Canfield et al. Methods in 

20 Snzymology. 1 S9A 18-422 (1990): El-Gorab et ai. Biochem Biophys, Acta. 506:58-66 (1973): Coflcidal Surfactant. 
Shinoda. K.. Nakagana. Tamamushi and Isejura. Academic Press. NY 1 1963) (especially "The Formation of Micelles". 
Shmoda. Chapter i . pp. i -88): Catalysis in Micellar and Macromolecular Systems. Fendler ard Fendler. Academic 
Press. NY < 1 975). The disclosures of each of the foregoing publications are hereby incorporated herein by reference 
in their entirety. 

'5 [0337] In liposomes, the lipid compourd(s) may be in the form of a monolayer or bilayer. and the monolayer or bilayer 
lipids may be used to form one or more monolayers or tilayers. in the case of more than one monolayer or bilayer. the 
monolayers or bilayers are generally concentric. Thus, lipids may be used to form unilamellar liposomes (comonsec 
of one monolayer or bilayer). ofigolamellar liposomes (comprised of two or three monolayers or bilayers) or multilamellar 
liposomes {comprised of more than three monolayers or bilayers). 
jo [0338] A wide variety of methods are available in connection with the preparation of vesicles, including liposomes 
Accordingly, liposomes may be prepared using any one of a variety of conventional liposomal preparatory techniques 
which will be apparent to one skilled in the art. including, for example, solvent dialysis. French press, extrusion (w th 
or without freeze-thaw). reverse phase evaporation, simple freeze-thaw. sonication. chelate dialysis, homogenizaticn 
solvent infusion, microemulsiflcation. spontaneous formation, solvent vaporization, solvent dialysis. French pressure 
is cell technique, controlled detergent dialysis, and others, each involving the preoaration of the vesicles in various fash- 
ions. See. e.g.. Madden et at.. Chemistry and Physics of Lipids. 55 37-46 (1990). the disclosure of which is hereby 
incorporated herein by reference in its entirety. Suitable freeze-thaw techniques are described, for example, in Inter- 
national Application Serial No. PCT7US39/05040. filed November 8 1989 the disclosure of which is hereby incorpo- 
rated herein by reference in its entirety. Methods which involve freeze-thaw techniques are preferred in connection 
*o with the preparation of liposomes. Preparation of the liposomes may be carried out in a solution, such as an aqueous 
saline solution, aqueous phosphate buffer solution, or sterile water. The liposomes may also be prepared by various 
processes which invorve shaking or vortexmg, which may he achieved, for example, by the use of a mechanical shaking 
device, such as a Wig-L-Bug™ (Crescent Oental. Lyons. IL). a Mixomat (Oegussa AG. Frankfurt. Germany), a Capmix 
(Espe Fabrik Pharmazeutischer Praeparate GMBH 4 Co . Seefeld. Oberay Germany), a Silamat Plus (Vivadent. Lech- 
es tenstein). or a Vibros (Quayle Dental. Sussex. England). Conventional microemulsification equipment, such as a Mi- 
crofluidizer rM (Microfluidics. Woburn, MA) may also be used. 

[0339] Spray drying may be employed to prepare gas filled vesicles. Utilizing this procedure, the stabilizing materials, 
such as lipids, may be pre-mixed in an aqueous environment and then spray dried- to produce gas filled vesicles. The 
vesicles may be stored under a headspace of a desired gas. 

so [0340] Many liposomal preparatory techniques which may be adapted for use in the preparation of vesicle compo- 
sitions are discussed, for example, in U.S. Patent Nos. 4.728.178. 4.728 575. 4 737.323. 4.533.254. 4.162.252. 
4.310. £05. and 4.921.706: U.K. Patent Application GB 2193095 A: International Application Serial No. PCT/ 
U 585/01 161: Mayer et al.. Biochimicaet Bhphysica Acta. 858. 161-166 (1986) Hope et al.. Biochimica et Biophysics 
Acta. 572:55-65 (1985>: Mayhew et al . Methods m Snzymology, 149 64-77 (1987): Mayhew et al.. Biochimica et Bio- 

55 physicaAcia. 755 169-74 (1984): Cheng et at. Investigative Radiology. 22:47-55 (1987): International Application Serai 
No. PCT/ U 589/05040: and Liposome Technology. Gregonadis ed.. Vol. I. pp. 29-31. 51 -67 and 79-108 (CRC Press 
inc.. Boca Baton. FL 1984). the disclosures of each of which are hereby incorporated by reference herein m their 
entirety 
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[0341] in connection witn stabilizing materials, and especially ii piG composmons ,n the form 3 f v 9S .cles ,t m av ^ 
advantageous to prepare :he lipid composnons at a temperature below the eel to ,qu.d crystalline phase trans urr 
teo-perature of the lipics. Th, s phase transition temperate is the temperature* whicn a UoZ b.fcyer w..fc^" 
a gel state to a liqu.d crystalline state See. for examole. Chapman et at.. J Biol. Chem 2492512-2521 no/a*" 
a.sciosure of which ,s hereby mcoroorated by reference here.n ,n its enfrety. It ,s generally believed that vesicles which 
are prooared from hp.es that possess h.gher gol state to liqu.d crystalhne state P hase transition temperatures t "nd'o 
have enhanced .moermeao.-.ty at any given temperature. See Oerek Marsh. CRC Handbook of Up,d Bitayers "cRC 
Press. 3oca Raton. FL 1990). at p 1 39 for mam cha.n m..t,ng transitions of saturated diacyl-sn-glycero-S^ cspho 
cholines^ The gel state to l.quid crystalline state chase trans.t.on temperatures of vanous lip.ds w.M be readily aoparen, 
to one sk.Hea.nihe an and are described for example ,n Gregorys ed. Liposome Technology Vol l i-ibtCRC 
Press. 1 9S4) 

[0342] Stabilizing matenals. such as lipids, comprsng a gas can be prepared by agitating an aqueous solution 
containing, .f desired, a stabilizing material, in the presence of a gas. The term -ag.tat.ng- means any shaking mot.or 
of an aqueous solution such that gas is introduced from the local amb.ent env.ronment into the aqueous solution Th, s 
agitation is preferably conducted at a temperature below the eel to liquid crystalline phase transition temperature of 
the lipid. The shaking involved in the agitation of the solutions .s preferably of sufficient force to result in the format.on 
o a lipid composition, .ncluding vesicle compositions, and particularly vesicle compositions comor.s.nq gas filled ves- 
•cles. The shaking may be by swirling, such as by vortex.ng. side-to-s.de. or up and down motion, afferent types of 
motion may be combined. Also. :he shaking may occur by shaking the container holding the aqueous lipid solution or 
by shaking the aqueous solution within the container without shaking the container itself 

[0343J The shaking may occur manually or by machine. Mechanical shakers that may be used include for examoie 
a shaker table such as a VWR Scientific (Cerntos. CA, shaker table, as well as any of the shaking devices describe 
hereinbefore, w.tn ;he vapmix (Espe Fabnk Pharmazeutischer P-aeparate GMBH & Co.. Seefeid Oberay. Germany) 
being preferred. It nas been found that certain modes of shaking or vcrtexing can be used to make vesicles within a 
preferred size range. Shaking is preferred, and tt is preferred that the shaking be carried out using the Espe Capmix 
mechamcal shaker. In accordance with this preferred method. :t is preferred that a reciprocating motion be utilized tc 
generate the i.p.d compositions, and particularly vesicles. It is even more preferred that the motion be reciprocatmq ,r 
the form of an arc. It is contemplated that the rate of reciprocation, as well as the are thereof, is particularly imcortan; 
m connect.on with the formation of ves.cles Preferably, the number of reciprocations or full cycle oscillation's is from 
about 1000 to about 20.000 per minute. More preferably, ihe number of reciprocations or oscillations is from about 
25C0 to about 8C00. with reciprocations or oscillations of from about 3300 to about 5000 being even more preferred 
Cf course, the number of oscillations can oe dependent upon (he mass of the contents being agitated Generally 
speaking, a larger mass requires fewer oscillations Another means for producing shaking includes the action of qas 
emitted under high velocity or prossure. 

[0344] It will also be understood that preferably, with a larger volume of aqueous solution, the total amount of force 
will be correspondingly increased. Vigorous shaking ,s defined as at least about 60 shaking motions per minute anc 
.s preferred. Vortexing at about 50 to about 300 revolutions per minute is more preferred. Vortexmg at about 300 tc 
about 1300 revolutions per minute is even more preferred. 

[0345] In addition to the simple shaking methods described above, more elaborate methods can also be employed 
Such elaborate methods include, for example, l.quid crystalline shaking gas instillation processes anc vacuum drying 
gas instillation processes, such as those described in U.S. Patent Nos. 5.469.854. 5 580 575 5 585 112 and 
5.542.935. and U.S. Application Serial No. 08/307.305. filed September 16. 1994. the disclosures of each of which are 
incorporated herein by reference in their entirety Emulsion processes may also be employed in the preparation of 
compositions in accordance with the present invention. Such emulsification processes are described for example m 
Quay U.S. Patent Nos. 5,553.094. 5.558.853. 5.558.854. and 5.573.751 . the disclosures of each of which are hereoy 
incorporated herein by reference in their entirety. Spray drying may be also employed to preoare the gaseous precursor 
filled vesicles. Utilizing this procedure, the lipids may be pre-mixed in an aqueous environment and then spray dried 
to produce gaseous precursor filled vesicles. The vesicles may be stored under a headspace of a desired gas. Although 
any of a number of varying techniques can be used, the vesicle compositions employed in the present invention are 
preferably prepared using a shaking technique. Preferably, the shaking technique involves agitation with a mechanical 
shaking apparatus, such as an Espe Capmix (Seefeid. Oberay. Germany), using, for example, the techniques disciosea 
in U.S. application Serial No. 160.232. filed November 30. 1993. the disclosure of which is hereby incorporated oy 
reference herein in its entirety. In addition, after extrusion and sterilization procedures, which are discussed m deta.i 
below, agitation or shaking may provide vesicle compositions which can contain substantially no or minimal residua, 
anhydrous lipid phase in the remainder of the solution (Bangham et al. J. Mol. Biol. 1 3238-252 (1965)). Other pre- 
paratory techniques induce those described in Unger. U.S. Patent No. 5.205.290. the disclosure of which ts hereby 
incorporated herein by reference in its entirety. 

[0346] Foams comprise an additional embodiment ol the invention. Foams find biomedical application in implants 
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(or local delivery of bioactive agents, tissue augmentation, wound healing, and prevention of peritoneal aahesicns 
Phospholipid foams can be created by increasing the concentration of the phospholipids as well as by mxing w tr* 
rratenais such as cetyl alcohol, surfactants, simethicone or polymers, such as methylcelluiose. Fluonnated onosonol- 
ipids may also be used to create stable, long-lasting foams. The most stable foams are generally prepared from ma* 
5 tenals which are polymerized or c.'oss-linked. such as potymerizable phospholipids. Since foaming is also a function 
of surface tension -eduction, detergents are generally useful foaming agents. 

[0347] Foams can also be procuced by shaking gas filled vesicles, wherein the foam appears on th9 top of the 
aqueous solution, and is coupled with a decrease in the volume of the aqueous solution upon the formation of foam 
Preferably, the final volume of the foam is at least about two times the initial volume of the aqueous stabilizing materia? 

'o solution: more preferably, '.he final volume of the team is a: least about three times the initial volume of me aqueous 
solution even more preferably, the final volume of the foam is at least about four times the initial volume of the aq-jeous 
solution: and most preferably, all cf the aqueous stabilizing material solution is converted to foam. 
[0348] The required duration of shaking time may be determined by detection cf the formation of foam For examc e. 
10 ml of lipid solution in a 50 ml centrifuge tube may be vortexed for approximately 15-20 minutes or until the viscosity 

■= of the gas filled liposomes becomes sufficiently thick so that it no longer clings to the side walls as it is swirled At this 
time, the foam may cause the solution containing the gas filled liposomes to raise to a level of 30 to 35 ml. 
[0349] The concentration of lipid required to lorm a preferred foam level will vary depending upon the type of hpic 
used, and may be readily determined by one skilled in the art. in view of the present disclosure. For example, m pref errec 
embodiments, the concentration cf 1 2-dipalmitoyiphosphatidyicholine (DPPCl used to form gas filled liposomes ac- 

20 cording to the methods of the present invention is about 20 mg/ml to about 30 mg/ml saiine solution. r he concentration 
of distearoylphosphatidylcnoline (OSPC) used in preferred embodiments is about 5 mg/ml to about 10 mg/ml saline 
solution. Specifically. OPPC in a concentration of 20 mg/ml to 30 mo/ml. upon shaking, yields a total suspension ano 
entrapped gas volume four times greater than the suspension volume alone. D3PC in a concentration of .10 mg/nl. 
upon shaking, yields a total volume completely devoid of any liquid suspension volume and contains entirely foam 

2S [0350] Microemulsihcation is a common method of preparing an emulsion of a foam precursor. Temperature increases 
ana/or lowered pressures will cause foaming as gas bubbles form in the liquid. As discussed above, the foam may be 
stabilized by. for example, surfactants, detergents or potymers. 

[0351] The size of gas filled vesicles can be adjusted, if desired, by a variety of procedures, including, for example, 
microemulsification. vortexing. extrusion, filtration, sonication. homogenization. repeated freezing and thawing cycles. 

JO extrusion uncer pressure through pores of defined size, and similar methods. Gas filled vesicles prepared in accordance 
with the methods described herein can range m size from less than about l jam to greater than about 100 um. In 
addition, after extrusion and sterilization procedures, which are discussed in detail below, agitation or shaking provides 
vesicle compositions which provide substantially no or minimal residual anhydrous lioid phase in the remairder of the 
solution. (Bangham. ct at. J. Mol. Btol., 13. 238-252 (1965)). If desired, the vesicles of the present invention may be 

;s used as they are formed, without any attempt at further modification of the size thereof. For intravascular use. the 
vesicles preferably have diameters of less than about 30 urn and more preferably, less than about 1 2 urn. For targeted 
intravascular use including, lor example, binding to certain tissue, such as cancerous tissue, the vesicles can be sig- 
nificantly smaller for example, less than about 100 nm m diameter For enteric or gastrointestinal use the vesicles can 
be significantly larger, lor example, up to a millimeter in size. Preferably, the vesicles are sized to have diameters of 

J0 from about 2 um to about 100 u>m. 

[0352] The gas filled vesicles may be sized by a simple process cf extrusion through filters wherein the filter pcre 
sizes control the size distribution of the resulting gas filled vesicles. By using two or more cascaded or stacked sets of 
filters, for example, a 1 0 um filter followed by an 8 u.m filter, the gas filled vesicles can be selected to have a very narrow 
size distribution around 7 to 9 urn After filtration, these gas filled vesicles can remain stable for over 24 hours. 

-5 [0353] The sizing or filtration step may be accomplished by the use. for example, of a filter assembly when the 
composition is removed from a sterile vial prior to use. or more preferabty. the filter assembly may be incorporated into 
a syringe during use. The method of sizing the vesicles will then comprise using a syringe comprising a barrel, at least 
one filter, and a needle: and will be carried out by an extraction step which comprises extruding the vesicles from the 
barrel througn the filter fitted to the synnge between the barrel and the needle, thereby sizing the vesicles before they 

so are administered to a patient. The extraction step may also comprise drawing the vesicles into the syringe, where the 
filter will function in the same way to size the vesicles upon entrance into the syringe. Another alternative is to fill such 
a syringe with vesicles which have already been sized by some other means, in which case the filter now functions to 
ensure that only vesicles within the desired size range, or ol the desired maximum size, are subsequently administered 
by extrusion from me synnge. 

55 [0354] In other embodiments, the vesicle compositions may be heat sterilized or filter sterilized and extruded through 
a Miter prior to shaking. Generally, vesicle compositions comprising a gas may be heat sterilized, and vesicle compo- 
sitions comprising gaseous precursors may be filter sterilized. Once gas filled vesicles are.tormed. they may be fiitereo 
for sizing as described above Performing these steps prior to the formation of gas and/or gaseous precursor filled 
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vesicles prov.de «m. gas and/or gaseous precursor f.llea vesicles ready for administrate :o a patient For . xar r- e 

m ^ 3S 3 V ' al °' Sym9e bS "" ed W " h 3 '" ,9red "P* "™P°*'«°" a„a the comoosmon" rray £ 
* * ,nS —9 "esse,, -or examole by au,<xlav,ng. Gas may be , nst!llea , mo compcs „ lon , 0 fo ^ y ^ 

^e aas! ' Snak ' ng S,e '" e VeSSe ' Pfe!erably ihe 3,Sr 16 vess91 18 °W<* ^ fi'««' '°s, t ,on 9 d »ucn £' 
tr-e gas filled vesicies pass ihrough the rillerbelorecontaciing a oatiem 

-f,? 1 , J"! °' eX,rUa ' n9 SClU "° n °' '' Pia c3m P° und "^9" a filter cecreases the amount of unrydratec 

Z \ ! / 1 UP n ny ar ' 9d matenalS 9Xp ° S ' nQ 3 9 ' 9al9r surface ar9a '<» P»torab.y the iTer 

has a pore „„ cf about O.lto about 5 urn. m ore preferably about 0. 1 to about 4 um even more pref erably abcu " 

1° \ b °"[ r l" m T S "" T° re Pre ' erabV ' ab ° Ut ' Mm U W™« compound. wh.ch » generally undesirable, appears 
as amorphous clunps of non-uniform size =>r-H«=^ 

[03561 The starvation step provides a composition that m Ry be read.iy administered to a oatient for diagnostic 
-mag.ng including for example, ultrasound or CT In certa.n embodiments, sterilization may be accomplished by rJt 
stenhzat.on. preferably by autoclaving the solution m h t e ,rpcr* Jre of at least about and more preferably' by 

TTZ^T ? 0 ^° a ' OUt 130 *° 6Ven C PfCfe " b,y ab ° Ut 11 °° C :0aOOUt 130 ° C ™ prefer^ 
abcu 1 20«C to about ! 30<C. and even more preferably .oout i 30'C Preferably, heat.nq occurs for at least about \ 
minute, more preferably, about i to about 30 mmu.es even m0 ra preferably, about 10 to about 20 mmu.es and still 
more preferably, about 15 minutes. If desired, the extrus.on and heating steps, as outlined above may be reversed 
or only one of the two steps can be used. Other modes of sterilization may be used, .nclud.ng. for example exposure 
to gamma radiation. y M exposure 

[0357] In addition to the aforementioned embodiments gaseous precursors contained in vesicles can be formulatec 
wh.ch. Jp0 n activation, for example, by exposure to elevated temperature, vary-ng P H. or lignt. undergo a phase tran- 
sition from, for example, a liquid including a l.qu.d entrapped ,n a ves.cle. to a gas. expanding to create the gas fillec 
vesicles described here.n. This technique is described .n U.S. Application Serai No 08/159 687. Filed November ^0 
1993. and U.S. Patent No 5.542.935 the disclosures of wh.ch are hereby incorporated here.n by reference in the.r 
entirety. The preferred method of activating the gaseous precursor .s by exposure to elevated temperature Activation 
or transmon temperature, and like terms, refer to the oo.lmg point of the gaseous precursor *nd is the temperature at 
which tne liquid to gaseous phase transition of the gaseous precursor taKes place. Useful gaseous precursors are 
those materials wh.ch have oo.ling points in the range of aoout -100'C to about 70 a C. The activation temperature is 
particular to each gaseous precursor. 

[0358] The methods of preparing the gaseous precursor filled vesicles may be carried out below the boiling point of 
the gaseous precursor such that a liquid is incorporated, for example, into a vesicle. In addition, the methods may be 
conducted at the boiling point of the gaseous precursor, such that a gas is incorporated, for example, into a vesica 
For gaseous precursors having low temperature boiling points, liquid precursors may be emulsified using a m.croflu- 
id.zor dcv.ce chilled to a low temperature. The bo-ling points may also be depressed using solvents ,n liquid media to 
utilize a precursor , n l.qu.d form. Further, the methods may be performed where the temperature is .ncreased throughout 
the process, whereby the process starts with a gaseous precursor as a liquid and ends w,th a gas. 
[0359] The methods of producing the temperature activated gaseous precursor filled vesicles may be carried out at 
a temperature below the boiling point of the gaseous precursor I n ih.s embodiment, the gaseous precursor ,s entrappec 
w.thrn a vesicle such that the phase transition does not occur during manufacture. Instead, the gaseous precursor filled 
ves.cies are manufactured in the liquid phase of the gaseous orecursor. Activation of the phase transition may ta<e 
P ace at any time as the temperature is allowed to exceed the boning point of the precursor. Also, knowing the amount 
of liquid in a droplet of liquid gaseous precursor, the size of the vesicles upon attaining the gaseous state mav be 
determined. 

[0360] Alternatively, the gaseous precursors may be utilized to create stable gas filled vesicles which are pre-formed 
prior to use. In this embodiment, the gaseous precursor is added to a container nousmg a lipid composition at a tem- 
perature below the liquid-gaseous phase transition temperature of the respective gaseous precursor As the temper- 
ature is increased, and an emulsion is formed between the gaseous precursor and liquid solution, the gaseous precursor 
uncergoes trans.tion from the liquid to the gaseous state As a result of this heating and gas formation, the gas displaces 
the air m the nead space above the liquid mixture so as to form gas filled vesicles which entrap the gas of the gaseous 
precursor ambient gas (e.g. air), or coentrap gas state gaseous precursor and ambient air. This phase transition can 
be used for optimal mixing and formation of the contrast agent. For example, the gaseous precursor, perfluorobutane 
can be entrapped in the lipid vesicles and as the temperature is raised beyond the boiling point of perfluorobutane 
(4 a C). perfluorobutane gas is entrapped in the vesicles. Accordingly, the gaseous precursors may be selected to form 
gas filled vescles in vivoor may be designed to produce the gas filled vesicles in situ, during the manufacturing process, 
on storage, or at some time prior to use. A water bath, somcator or hydrodynamic activation by pulling back the plunger 
ot a syringe against a closed stopcock may be used to activate targeted gas filled vesicles from temperature-sensitive 
gaseous precursors prior to intravenous injection or infusion. 

[0361] As a further embodiment of :his invention by pre-formmg the gaseous precursor in the liquid state into an 
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aqueous emulsion the maximum size of ihe vesicle nay be estimated by using the ideal gas law. once the transition 
io tne gaseous state is effectuated. For the purpose of making gas -rilled vesicles from gaseous precursors the qas 
phase is assumed to form instantaneously and substantially no gas m the newiy fcrmed vesicle has beer, deoietec 
due to diffusion into the liquid, which is generally aqueous m nature Hence, from a known licuid volume in the emulsicn 

5 one would oe able to predict an upper limit to the size of the gas filled vesicle 

[0362] In embodiments of :he present invention a mixture of a 'iptd compound ana a gaseous precursor containing 
liquid droplets of defined size, may be formulated such that upon reaching a specific temperature, for example, the 
boiling point of the gasaous precursor, the droplets will expand into gas filled vesicles of defined size The defined size 
represents an upper limit to the actual size because the ideal gas law cannot account for such factors as gas diffusion 

'0 tntc solution loss of gas to the atmosphere, and the effects ct increased pressure 

[0363] The ideal gas law. which can be used for calculating the increase in the volume of the gas buboies upon 
transitioning from liquid to gaseous states, is PV = nfl~ where F is pressure in atmosoheres <atm) V is volume in titers 
(L): n is moles of gas: T is temperature in degrees Keivm 'Ki a id R <s the ideal gas constant {22 4 L-atrrvK-moiej 
Witn knowledge of volume, density, and temperature of the liquid in the mixture of liquids. ;he amount, for example ir 

'5 moles, and volume of liquid precursor may be calcuia:ed which when convened to a gas. will expand into a vesicle of 
known voiume. The calculated volume will reflect an jpper limit to the size of the gas filled vesicle, assuming instan- 
taneous expansion into a gas filled vesicle and negligible diffusion of the gas over the time of the expansion. 
[0364] Thus, for stabilization of the precursor in the l.quid state m a mixture wherein the precursor droplet is spherical, 
the volume of the precursor droplet may be determined by the equation: Volume (spherical vesicle) = 4/3 iir 3 . where r 

2° is the radius of the sphere. 

[0365] Once the volume is predicted, and knowing the density of the liquid at -he desired temperature, the amount 
of liquid gaseous precursor in the droplet may be determined. In more descriptive terms, the following can be applied: 
V 3as = 4/3 -(/gas) 3 , by the ideal gas law. PV=nflT. substring reveals. = nRT/P gaB . or. (A) n = 4/3 [itr^] P/'PT 
amount n = 4/3 [icr^ 3 P/RTJ»MW n . Converting back to a licuid volume (B) = [4/3 [kt^\ P'BT]»MW n /0J. where 0 

25 is the density of the precursor Solving for the diameter of tne Iquid droplet. (C) diameter/2 = (3/4/t [4/3«trtr gaa 3 | P/RT] 
Mw^'O]' 3 . which reduces to Diameter = 2[[r ga8 3 J P/RT [MW n /C]] 13 

[0366] As a further means of preparing vesicles of the desired size for use in the methods of the present invention, 
and with a knowledge of the volume and especiaily the raaius of the liquid droplets, one can use appropriately sizec 
filters to size the gaseous orecursor droolets to the appropriate diameter sphere. 
so [0367] A representative gaseous precursor may be used to form a vesicle of defined size, for example. 10 urn diam- 
eter. In this example, the vesicle is formed m the bloodstream of a human being, thus the typical temperature woulc 
be 37 3 C or 310 K. At a pressure of 1 atmosphere and using tne equation in (A). 7 54 x 10* 1 7 moles of gaseous precursor 
would be required to fill the volume of a 10 um diameter vesicle. 

[0368] Using the above calculated amount of gaseous precursor ano 1 -fluorobutane. which possesses a molecular 
ss weight of 75.1 1 . a boiling point of 32.5*C and a density of 0 7739 g/mL at 20°C. further calculations predict that 5.74 
x 10-' s grams of this precursor would be required for a 10 .im vesicle. Extrapolating further and with the knowledge 
ol the censity. equation (Bi further predicts that 3.47 x 10' 16 mL cf liquid precursor is necessary to form a vesicle w th 
an upper limit of 10 um. 

[0369] Finally, using equation (C). a mixture, for example, an emu'sion containing droplets with a radius of G 0272 
-f0 urn or a corresponding diameter ot 0.0544 urn is formed to make a gaseous precursor filled vesicle with an upper limit 
of a 1 0 urn vesicle. 

[0370] An emulsion of this particular size could be easily achieved by the use of an appropriately sized filter in 
addition, as seen by the size of the filter necessary to form gaseous precursor droplets of defined size, the size of the 
filter would also suffice to remove any possible bacterial contaminants and. hence, can be used as a sterile filtration 
J 5 as well. 

[0371] This embodiment for preparing gas filled vesicles may be applied to ail gaseous precursors activated ay 
temperature, in fact, depression of the freezing point of the solvent system allows the use of gaseous precursors which 
would undergo liquid-to-gas phase transitions at temperatures below O'C. The solvent system can be selected to 
provide a medium for suspension of the gaseous precursor. For example. 20% propylene glycol miscible in buffered 

50 saline exhibits a freezing point depression well below the freezing point of water alone. By increasing the amount ol 
prooylene glycol or adding materials such as sodium chloride, the freezing point can be depressed even further. 
[0372] The selection of appropriate solvent systems may be determined by physical methods as well. When sub- 
stances, solid or liquid, herein referred to as solutes, are dissolved in a solvent, such as water based buffers, the 
freezing pemt is lowered by an amount that is dependent upon the composition of the solution. Thus, as defined ay 

55 wail, one can express the freezing point depression of the solvent by the following equation: Inx, = In ( i - x b ) = AH^ 
R(1/T 0 ■ 1/T). where x a is the mole fraction of the solvent: x b is the mole fraction ot the solute: AH^ a is the heat of fusion 
ol the solvent: and T 0 is the normal freezing point of the solvent. 

[0373] The normal freezing point of the solvent can be obtained by solving the equation if x b >s small relative to x a 
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then the above equat.on may be rewritten as. x> = ^H^/BfT - T, Ta T| , iH^T/RT,* The above equation assume 
the change .n temperature AT tS small compared to 7 2 . This equat.on can be simplified further by excr-ss.nq 
concentration of :he sciute in terms of molality, m 'moles of solute per thousand grams of solvent) Thus r.e -c, -ation 
can oe rewritten as X b ,m/{m * ;000/m 3 j = mMa/:0O0 where Ma is tne molecular weight of the solvent Thus subst,- 
luung for the Yact.cn x b AT = [M a A OOO^Jm or M = K( m. where K f ,M a fl V/lOOO^H^. K f is the molal freeze 
point and is equal :o i 36 degrees per unit of moral concentration for water at one atmosphere pressure The above 
equat.cn m 3 y be used to accurately determine the molal freezing po.nt of solutions of gaseous-precursor filled vesicles 
Accordingly, the above equation can be applied to est.mate freezing po.nt depressions and to determine the aoprcpr, --te 
concentrations ot Nquid or solid so.ute necessary to depress the solvent freez.ng temperature to an appreciate value 
[0374] Methods of preparing the temperature activated gaseous precursor filled vesicles include 

t-V vortexmg and/cr shaking an aqueous mixture of gaseous precursor and additional materials as desired laud- 
ing, for example, stabilizing materials, thickening aqams and/or dispersing agents Optional variations of this meth- 
od include autoclaving before vortexmg or snaking heating an aqueous mixture of gaseous precursor venting the 
vessel containing the mixture/suspension: shakmq or perm ttmq the gaseous precursor filled vesicle to form spon- 
taneously and cooling down the suspension of gaseous precursor filled vesicles; and extruding an aqueous sus- 
pension of gaseous precursor through a filter of about 0 22 um. Alternatively, filtering may be performed during >r 
vivo administration of the vesicles such that a filter of about 0 22 urn is employed: 

(b) micrcemulsification whereby an aqueous mixture of gaseous precursor .s emulsified by agitation and heatec 
to form, for example, vesicles prior to administration to a patent- 

(c) heating a gaseous precursor in a mixture, with or wnhout agitation, whereby the less dense gaseous precursor 
filled vesicles float to the top of the solution by expanding and displacing other vesicles in the vessel and ventinc 
the vessel to release air: and 

(d) utilizing in any of the above methods a sealed vessel to hold the aqueous suspension of gaseous.precursor 
and maintaining the suspension at a temperature below the phase transition temperature of the gaseous precursor 
followed by autoclaving to raise the temperature above the pnase transition temperature, optionally with shakirg 
or permitting the gaseous precursor vesicle to form spontaneously, whereoy the expanded gaseous precursor tn 
the sealed vessel increases the pressure m the vessel, and cooling down the gas filled vesicle suspension after 
which shaking may also take place. 

[03751 Freeze drying is useful to remove water and organic materials prior to the shaking installation method. Dry.ng 
installation methods may be used to remove water from vesicles. 3y pre-entrapoing the gaseous precursor in the drrec 
vesicles (i.e prior to drying) after warming, the gaseous precursor may expand to fill the vesicle Gaseous precursors 
can also be used to fill dnod vesicles after they have been sub t cctcd to vacuum. As the dned vesicles arc kept at a 
temperature below their gel state to liquid crystalline temperature, the drying chamber can be slowly filled with the 
gaseous precursor m us gaseous state. 

[0376] Preferred methods for preparing the temperature activated gaseous precursor filled ves.cles comprise shaking 
an aqueous solution having a lipid compound in the presence of a gaseous precursor at a temperature below the iiquic 
state to gas state phase transition temperature of the gaseous precursor This is preferably conducted at a temperature 
below tne gel state to liquid crystalline state phase transition temperature of the lipid. The mixture is men heated to a 
temperature above the liquid state to gas state phase transition temperature of the gaseous precursor wnich causss 
the precursor to volatilize and expand. Heating is then discontinued, and the temperature of the mixture is then ailowec 
to drop below the liquid state to gas state phase transition temperature o( the gaseous precursor Shaking of the mixture 
may take place during the heating step, or subsequently after the mixture is allowed toccol. Other methods for preparing 
gaseous precursor filled vesicles can involve shaking an aqueous solution of. for example, a lipid and a gaseous 
precursor, and separating the resulting gaseous precursor filled vesicles. 

[0377] Conventional aqueous-filled liposomes of the pnor an are routinely formed at a temperature above the ohase 
transition temperature of the lipids used to make them, since they are more flexible and thus useful in biological systems 
m the liquid crystalline state. See. for example. Szoka and Papahadjopoulos. Proc. Nati Acad. Sci. 1 1 973) 75 
4194-4193. In contrast, the vesicles made according to certain preferred embodiments described herein are gaseous 
precursor filled, which imparts greater flexibility, since gaseous precursors after gas formation are more compressible 
and compliant than an aqueous solution. 

[0378] The methods contemplated by the present invention provide for shaking an aqueous solution comprising a 
lipid, in the presence ot a temperature activatable gaseous precursor. Preferably, the shaking is of sufficient force such 
that a foam is formed within a short period ol time such as about 30 minutes, and preferably within about 20 minutes, 
and more preferably, within about 10 minutes. The shaking may involve microemulsifymg. microfluidizmg. swirling [such 
as by vortexmg). side-to-side. or up and down motion. In the case of the addition of gaseous precursor in the hquc 
siaie. sonication may he used in addition to the snaking methods set forth above. Further different types of motion 
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may be combined. Also, the shaking rray occur by shaking the container holding the aqueous lipic solution or dv 
shaking the aqueous solution wtthm the container without snaking the container aself Funher. the shaking may occur 
rranuaily or by machine Mechanical shakers that may be used include, for example the mechanical shakers oescnbec 
hereinbefore, with an Espe Capmix (Seefeld. Oberay Germany) being preferrea. Another means for productrg shaking 
includes the action of gaseous precursor emitted under high velccity or pressure. 

[0379] According to the methods described herein, m acdition to a gaseous precursor, a gas may be arcviced by 
the local ambient atmosphere. The focal ambient atmosphere can include the atmosphere within a sealed container 
as well as the external environment. Alternatively for example, a gas may be injected into or otherwise added to tne 
container having the aqueous lipid solution or into the acuecus lipid solution itself to provide a gas other than air Gases 
thai are lignter than air are generally added to a sealed container while gases heavier than atr car. be added to a 
sealed or an unsealed container According!'/ the present invention includes co-entrapment of atr and/or otner gases 
along with the gaseous precursors described herein 

[0380] Hence, the gaseous precursor filled vesicles can be used m substantially the same manner as the gas ftilec 
vesicles described herein, once activated by application to the tissues of a host, where such factors as temoerature 
or pH may be used to cause generation of the qas The gaseous precursors may undergo phase transitions from tiquic 
to gaseous states at or near the normal body temperature of the host, and can be activated- for examp;e. by the ir. 
vivo temperature of the host so as to undergo transition to the gaseous phase therein, in the preferred methods of the 
present invention, activation prior to administration to a patient s used, for example, by thermal, mechanical or optical 
means. This activation can occur where, for example, the host :issue is human tissue having a normal temperature ol 
about 37* C and the gaseous precursors undergo phase transitions from liquid to gaseous states up to atout S0°C or 
abcut 70°C. 

[0381] In any of the techniques described above for the preparation of lipid-cased vesicles, bioactive agents and/or 
targeting ligands may be incorporated with the lipids before, during cr after formation ol the vesicles, as would be 
apparent to one of ordinary skill in the art. in view of the present disclosure. 

[0382] Conjugates of bioactive agents and fluonnated surfactants or conjugates of targeting ligands and Huonnatec 
surlactants can be synthesized by variations on a theme suggested by the reaction sequence set forth in the present 
disclosure and according to methods known to one skilled in the art. as disclosed, for example, by Quay, et al. European 
Patent Publication BP 0 727 225 A2. the disclosure of which is hereby incorporated herein by reference in its entirety. 
If the bioactive agent of chcice contains a fluonnated surfactant, such as ZONYL® FSN-100. the ZONYU5> can be 
heated at reduced pressure to drive off volatile components, then the oily residue is reacted with a conjugation linker 
the choice of which wilt ultimately depend on the chemistry of the functional groups on the steroid to be formulated into 
a prodrug. Alternatively, the bioactive agent could be activated by methods well-known in the art. For example targeting 
ligand and fluonnated surfactant conjugates can be prepared by the reaction schemes below, where "LIG" refers tc a 
targeting ligand or bioactive agent of the present invention and 'R/* refers to a fluonnated surfactant or fluennatod lipic 
of the present invention. 

RftC^CHjO^COCt + LIG-NH- R ( (CH 2 CH 2 0) s CONH-LIG 
R,(OCH 2 CH 2 ) x COCI + LIG-OH - R f (CH 2 CH 2 0),C0 2 -LiG 
R f CH 2 CH 2 (OCH 2 CH 2 ) x SH + UG-SH — R ( CH 2 CH 2 iOCH 2 CH 2 i I SS-LIG 
R f S0 2 Cl * LIG-NHg R f S0 2 NH-LIG 
LIG-CHO + R f CH 2 CH 2 (OCH 2 CH 2 ) x NH, + NaCNBH 3 R,CH 2 CH 2 (OCH 2 CH 2 ) x NH-lJG 
LIG-Br + R ( CH 2 CH 2 (OCH 2 CH 2 ) )( SH — R f CH 2 CH 2 (OCH 2 CH 2 ) j( S-LIG 
LIG-Br + R r CH 2 + Bu 3 SnH - R,CH 2 CH 2 -UG 
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HfCOCi fUG-NH 2 — R ( CONH-LIG 

R f NCO «- LlG-NH 2 - R f NCONH-LIG 

LIG-CHO * R ( CH 2 CH 2 (CCH 2 CH 2 ) x NH 2 =! f CH 2 CH 2 (OCH 2 CH 2 ) x NH-LIG * R ( CO - 
(R f CH 2 CH 2 (OCH 2 CH 2 ) < )-:R f CO)N-UG 

[0383] With respect to polyethylene glycol containing fragments, the following can be used, for examole PEG2-NH C = 
ester. NHS-FEG-VS. NHS-FEG-MAL. methoxy-PEG-vinylsulfone P=G-(VS) 2 . methoxy-PEG-ald. PEG-(ald), mem" 
oxy-PEG-epx. PEG-(epx) 2 . methoxy-PEG-Tres. PEG-(Tres) 2 . methoxy-PEG-NPC PEG-(NPC) 2 . methoxy-PEG-roi 
PEG-COI) 2r mPEG-Gly-OSu. mPEG-NLe-OSu. methoxy-SPA-PEG. iSPA) 2 -PEG: methoxy-SS-PEG. (SS)2-PEG all 
of which are available from Shearwater Polymers. Inc (Huntsville. Alabama). Where these types of fragments are 
used. i.e.. where the fragments may not themselves have surfactant properties adequate for a given ultrasound contrast 
formulation, or act only weakly as surfactants, the conjugate formed can be used in conjunction with other surfactants 
m the final formulation. 

[0384] Vesicle compositions which comprise vesicles formulated from proteins, such as albumin vesicles, rray be 
preoared by various processes, as will be apparent to one skilled m the art in view of the present disclosure Suitable 
methods include those described, for example, in U.S. Patent Nos. 4 572.203. 4.716.433. 4.774 953. and 4.957 556 
the disclosures of eacn of which are hereby incorporated herein by reference m their entirety. Included among the 
methods are those which involve sonicating a solution of a protein, in preferred form, the starting material may be an 
aqueous solution of a heat-denaturable. water-soiuble biocompatible protein. The encapsulating protein is preferably 
heat-sensitive so that it can be partially msolubilized by heating during sonication. Suitable heat -sensitive' proteins 
include, for example, aibumin. hemoglobin, and collagen, preferably, the protein is a human protein, with human serum 
albumin (HSA) being more preferred. HSA is available commercially as a sterile 5% aqueous solution, which is suitable 
for use in the preparation of protein-based vesicles. As would be apparent to one of ordinary skiil m the art. other 
concentrations of albumin, as well as other proteins which are heat-denaturable. can be used to prepare the vesicles. 
Generally speaking, the concentration of HSA can vary and may range from about 0.1 to about 25% by weight, ana 
all combinations and subcombinations of ranges therein. It may be preferable, in connection with certain methods for 
the- preparation cf protein-based vesicles, to utilize the protein m the form of a dilute aqueous solution. For albumin ;i 
may be preferred to utilize an aqueous solution containing from about 0.5 to about 7 5% by weight albumin w th 
concentrations of less than about 5% by weight being preferred, for example, from about 0.5 to about 3% by weight 
[038S] Protein -based vesicles may be prepared using eauipment which is commercially available. For examole ir 
connection with a feed perparation operation as cisclosed for example in U S Patent No 4 957 656 stairless steel 
tanks which are commercially available from Walker Stainless Equipment Co. (New Lisbon WIV and process filters 
which are commercially available from Millipore (Bedford. MA), may be utilized. 

[0386] The sonication operation may utilize both a neat exchanger and a flow through sonciating vessel, in series 
Heat exhanger equipment of this type may be obtained from ITT Standard (Buffalo. NY) The heat exchanger maintains 
operating temperature for the sonciation process, with temperature controls ranging from about 65'C to about 30 S C. 
depending on the makeup of the media. The vibration frequency of the sonication equipment may vary over a wide 
range, for example, from about 5 to about 40 kiloheriz (kHz), with a majority of the commertcally available somcators 
operating at about 10 or 20 kHz. Suitable sonicating equipment include, for example, a Sonics & Materials vlbra-Ceil. 
equipped with a flat-tipped sonicator horn, commercially available from Sonics & Materials. Inc. (Danbury. CT). The 
power applied to the sonicator horn can be varied over power settings scaled from 1 to 10 by the manufacturer, as with 
Sonics & Materials Vibra-Ceil Model VL1500. An intermediate power setting, for example, from 5 to 9. can be used It 
is preferred that the vibrational frequency and the power supplied be sufficeint to produce cavitation m the liquid being 
sonicated. Feed flow rates may range from about 50 mL/min to about 1000 mUmm. and all combinations and sub- 
combinations of ranges therein. Residence times in the sonication vessel can range from about 1 second to about 4 
minutes, and gaseous fluid addition rates may range from about 10 cubic centimeters (cc) per minute to about i00 cc/ 
mm. or 5% to 25% of the feed flow rate, and all combinations and subcombinations of ranges therein 
[0387] It may be preferable to carry out the sonication in such a manner 10 produce foaming, and especially intense 
foaming, or tne solution. Generally, intense foaming and aerosolatmg are important for obtaining a contrast agent 
having enhanced concentration and stability. To promote foaming, tne power input to the sonicator horn may be in- 
creased, and the process may be operated under mild pressure, for example, about 1 to about 5 psi. Foaming may oe 
easily detected by the cloudy appearance of the solution, and by the foam produced. 
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[0388] Suitable methods for the preparation cf protein -based vesicles may also involve physically or crem-calty Al- 
tering the prctem or protein derivative in aqueous solution to denature or fix the material. For example, protem-oased 
vesicles may be prepared from a 5% aqueous solution of HSA by heating after formation or during formation of the 
contrast agent via somcation. Chemical alteration may involve chemically denaturing or f.xing by binding the protem 
with a Afunctional aldehyde such as gluteraldebyde. For example, the vesicles may be reacted with 0.25 grams ol 
50% aoueous gluteraoehyde per gram of protein at pH 4 5 for 6 hours. The unreacted gluteraldehyde nay then oe 
washed away from the protein. 

[0389] in any of the techniques described above for the preparation of protein-based stabilizing materials anoVor 
vesicles, bioactive agents and/cr Targeting iigands may be incorporated with the proteins before, curing or after for- 
mation of the vesicles, as would be apparent to one of ordinary skill tn the art. based on the present disclosure 
[0390] Ves:cle compositions which comprise vesicles formulated from polymers may be prepared by varous proc- 
esses, as will be readily apparent to one skilled in tne art in view of the present disclosure Exemplary processes 
include, for example, mterfacial polymerization, phase separation and ccacervation muitionfice centrifugal preparation 
anc solvent evaporation. Suitable procedures which may oe employed or modified in accordance with the p-esent 
disclosure to prepare vesicles from polymers include those procedures disclosed in U S Patent Nos 4 1 79 546 
3.945.956 4.108.306. 3.293.114. 3.401.475. 3.479.311. 3.469.714, 3.615.972. 4.549.892. 4.540.629 4 421 562 
4.420.442. 4.598.734. 4.322.534. 3.732.172. 3.594.326. and 3.015.128: Japan Kokai T 0 kkyoKoho62 256534. British 
Patent No. 1.044.680. Oeasy. Microencapsulation and Related Drug Processes. 20:195-240 (Marcel Oekker. Inc. sj. 
Y. 1984). Chang et ai. Canadian J. of Physiology and Pharmacology. 44:115-129 (1966). and Chang. Science. 746 
524-525 (1964). the disclosures of each of which are hereby incorporated herein by reference in their entirety. 
[0391] In accordance with a preferred synthesis protocol, the vesicles may be prepared using a heat expansion 
process, such as. for example, the process described m U.S. Patent Nos. 4.179.546. 3.945 956 and 4.108 506. British 
Patent No. 1 044.680.' and Japan Kokai Tokkyo Koho 62 236534. In general terms, the heat expansion process may 
be earned out by preparing vesicles of an expandable polymer or copolymer which may contain m their void (cavity; 
■ a volatile liquid {including the gaseous precursors described herein). The vesicle is then heated, piashcismg the vesicle 
and converting the volatile liquid into a gas. causing the vesicle to expand to up to about several times its original size. 
When tne heat is removed, the thermoplastic polymer retains at least some of its expanded shape. Vesicles produced 
by this process tend to be of particularly low density, and are thus preferred. The foregoing described process s wen 
known m the art. and may be referred to as the heat expansion process for preparing low density vesicles. Polymers 
and volatile liquids (including gaseous precursors of :he present invention) useful in the heat expansion process will 
be readily apparent to one skilled in the art. 

[0392] In certain preferred embodiments, the vesicles which are formulated from synthetic polymers and which may 
be employed in the methods of the present invention are commercially available from Expancel. Nobel Industries 
(Sundsvall. Sweden), .ncluding EXPANCEL 551 DE™ microspheres. The EXPANCEL 551 DE™ microspheres arc 
composed of a copolymer of vmyhdene and acrylonitnie which have encapsulated therein isobutane liquid. Such mi- 
crospheres are sold as a dry composition and are approximately 50 microns in size. The EXPANCEL 551 DE rM mi- 
crospheres have a specific gravity of only 0 02 lo 0,05. which is between cne-liftieth and one-twentieth the density ol 
water. 

[0393] in any of the techniques described above for the preparation of polymer-based stabilizing materials and/or 
vesicles, bioactive agents and/or targeting Iigands may be incorporated with the polymers before, during or after for- 
mation of the vesicles, as would be apparent to one of ordinary skill in the art, based on the present disclosure 
[0394] As with the preparation of stabilizing materials and/or vesicles, a wide variety of techniques are available for 
the preparation of stabilizing materials comprising bioactive agents and/or targeting Iigands. For example, the stabilizing 
materials and/or vesicle compositions may be prepared from a mixture of lipid compounds, bioactive agents and/or 
targeting Iigands and gases and/or gaseous precursors. In this case, lipid compositions are prepared as described 
above in which the compositions also comprise bioactive agents and/or targeting Iigands. Thus, for example, micelles 
can be prepared in the presence of a bioactive agent and/or targeting ligand. In connection with lipid compositions 
which comprise a gas. the preparation can involve, for example, bubbling a gas directfy into a mixture of the lipid 
compounds and one or more additional materials. Alternatively, the lipid compositions may be pre-formed from lipid 
compounds and gas and/cr gaseous precursors, in the latter case, the bioactive agent and/or targeting ligand is then 
added to the lipid composition prior to use. For example, an aqueous mixture of liposomes and gas may be prepared 
to which the bioactive agent and/or targeting ligand is added and which is agitated to provide the liposome composition . 
The liposome composition can be readily isolated since the gas and/or bioactive agent and/or targeting ligand filled 
liposome vesicles generally float to the top of the aqueous solution. Excess bioactive agent and/or targeting ligand can 
be recovered from the remaining. aqueous solution. 

[0395] As one skilled in the art will recognize, any of the stabilizing materials and/or vesicle compositions may be 
lyophihzed for storage, and reconstituted or rehydrated. for example, with an aqueous medium (such as sterile water, 
phosphate buffered solution or aqueous saline solution) with the aid of vigorous agitation. Lycphilized preparations 
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generally have'the advantage of greaier snelf l,fe To prevent agglutination or lus.on of the lipids and/or v-s.cles ^ a 
result of lyoph.lizat,on. it may be useful to include addmves wh.ch prevent such fus.on or agglutination from occurring 
Additives which may be useful induce soroitol. manmtol. sod.um chloride, glucose, dextrose, trenatose oolvv.ryi: 
pyrrol.done and polyethylene glycol) (PEG), for example. -EG 400 These anc other addmves are described ,n me 
merature such as ,n the U.S. Pharmacopeia. USP XXII. NP XVI. The Un.ted States Pharmacopeia. The Natiora, 
Formulary. United states Pharmacopeial Convention Inc.. 12601 Twmbrook Parkway. Rockville MO 20=52 the a s 
closure of wnch is hereby incorporated herein by reference in :ts entirety. 

[0396] The concentrate of lipid requ.red to form a desired stabilized ves-cle level wnl vary depend.rg upon the type 
of lipid used, and may oe read.ly determined by routine experimentation. Por example. <n preferred embodimen-s tne 
concentration of t 2-dipalm.toylphosphatidyichoi.ne <DPPC> used to form stabilized ves.cles according to thP methods 
of the present invention ,s about 0 1 mg/mi to about 30 mg'ml of saline solution, mere preferabiy from about 0 5 rrq/ 
ml tc about 20 mg/ml of saline solut.on. and most preferably frcrr about 1 mg/ml to about 1C mg/ml of saline soiut-cn 
Tne concentration of distcaroyiphosphatidylchohne (DSPC) used in preferred embodiments .s about 0 : mc/ml to about 
20 mg/ml of saline solution, more preferably from about 0 5 ng/ml tc about 20 mg/ml of saline solution anc most 
pre.eraoly from about i mg/ml to about 10 mg/ml of saline solution The amount of composition which ,s adm.nisterec 
to a patient can vary. Typically, the intravenous aose may be less than about 1 0 ml for a 70 kg patient with -owr los-s 
being preferred. ' 
[0397] Another embodiment of preparing a targeted therapeutic composition comprises combining at least one lipic 
ana a gaseous precursor: agitating until gas Filled ves.cles are formed: adding a b.oact.ve agent and/or targeting ;iqand 
to the gas filled vesicles such that the bioactive agent and/or targeting ligano binds to the gas filled vesicle by a covalent 
bond or non-covalent bond: and agitating until a delivery vehicle comprising gas filled vesicles and a bioactive agent 
anc/or targeting ligano result. Father than agitating until gas rilled vesicles are formed before adding the bioactive ' 
agent and/or targeting ligand. the gaseous precursor may remain a gaseous precursor until the time of use 
[039a] Alternatively, a method of preparing targeted therapeutic compositions may comprise combining at least one 
lipid and a bioactive agent and/or targeting ligand such that the bioactive agent and/or targeting (igand binds to the 
lipid by a covalent oond or non-covalent bond, adding a gaseous precursor and agitating until a delivery vehicle com- 
prising gas-filled vesicles and a bioactive agent and/or targeting ligand result, in addition, the gaseous precursor may 
be added and remain a gaseous precursor until the time of use. 

[0399] Alternatively. ! .he gaseous precursors may be utiftzed to create stable gas filled vesicles with bioactive dgerts 
ano/or targeting ;igands which are pre-formed prior to use. In this embodiment, the gaseous precursor ana bioactivP 
agent and/or Targeting ligand are added to a container housing a suspending and/or stabilizing medium at a temperature 
below the liquid-gaseous phase transition temperature of the respective gaseous precursor As the temperature is then 
exceeded, and an emulsion is formed between the gaseous precursor ana liquid solution, the gaseous precursor un- 
dcrgoos transition from the liquid to the gaseous state. As a result of this heating and gas formation, the gas displaces 
the air in the nead space above the liquid suspension so as to form gas filled lipid spheres wmch entrap the gas of (he 
gaseous precursor ambient gas for example, air. or coentrap gas state gaseous precursor and ambient air This phase 
transition can be used for optimal mixing and stabilization of the delivery vehicle.' Por example, the gaseous precursor 
perfluorobutane can be entrapped in the lipid or other stabilizing compound, and as the temperature is raised beyonc 
4 a C (boiling point of perfluorobutane) stabilizing compound entrapped fluorobutane gas results. As an additional ex- 
ample, the gaseous precursor fluorobutane. can be suspended in an aqueous suspension containing emulsifying anc 
stabilizing agents such as glycerol or propylene glycol and vortexed on a commercial vortexer. Vortexing is commenced 
at a temperature low enough that the gaseous precursor is liquid and is continued as the temperature of the sample 
is raised past the phase transition temperature from the liquid to gaseous state, in so doing, the precursor converts to 
the gaseous state during the microem unification process, in the presence of the appropriate stabilizing agents, sur- 
pnsmgly stable gas filled vesicles and bioactive agents and/or targeting ligand result. 

[0400] All of the above embodiments involving preparations of the stabilized gas filled vesicles used in the present 
invention, may be sterilized by autoclave or sterile filtration if these processes are performed before either the gas 
instillation step or prior to temperature mediated gas conversion of the temperature sensitive gaseous precursors within 
the suspension. Alternatively, one or more anti-bactericida) agents and/or preservatives may be included in the formu- 
lation of the compositions including, for example, sodium benzoate. all quaternary ammonium salts, sodium azide. 
methyl paraben. propyl paraben. sorbic acid, ascorbylpalmitate. butyiated hydroxyanisoie. butylated hydroxytoiuere. 
chlorobutanol. dehydroacetic acid, ethylenediamine. monothioglycerol. potassium benzoate. potassium rretabisuifiie. 
potassium scrbate. sodium bisulfite, sulfur dioxide, and organic mercurial salts. Such sterilization, which may also be 
achieved by other conventional means, such as by irradiation, will be necessary where the stabilized microspheres 
are used lor .maging under invasive circumstances, for example, intravascular^ or in trap en ton ea I ly. The appropriate 
means of sterilization will be apparent to the artisan instructed by the present description of the stabilized gas tilled 
vesicles and their use. The compositions are generally stored as an aqueous suspension but in the case of dried or 
lyophiiized vesicles or dned or lyophiHzed lipidic spheres the compositions may be stored as a dried or lyoohmzec 
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powder ready to be reconstituted or rehydrated prior ;o use. 

[0401] The gaseous precursor fitted compositions cf the present invention are panicularly useful as contrast -nedia 
m diagnostic imaging, and for use m all areas where diagnostic imaging is employed, when they are neate-3 :o 2 
tenrperatura at or above the phase transition temperature o( the gaseous precursor instilled in the composition prior 

5 to administration to a patient. Diagnostic imaging is a means to visualize internal body regions of a patient, and induces, 
for example, ultrasound imaging, magnetic resonance imaging (MRl). nuclear magnetic resonance <NMR). rorrputoc 
tcrrography tCT',. electron spin resonance (ESS): nuctear medicine when the contrast medium includes radioactive 
material- optical rraging. particularly with a fluorescent contrast medium, elastography. radiofrequency (RR micrc- 
wave laser and the like Diagnostic imaging also includes therapeutic imaging, such as promoting :he ruoture of vesicas 

>o via the metnods of the present invention For example, ultrasound may be used to visualize the vesicles anc verify the 
localization cf the vesicles in certain tissue In addition, ultrasound may be used to promote rupture of :he vesicias 
once the vesicles reach the intended target, including tissue anc/or 'eceptor destinations thus releasing a bioacnve 
agent. 

[04C2] In accordance with the present invention, there are provided methods of imaging a patient, diagnosing the 
presence cf diseased :issue in a patient, delivering (with or without a targeting Hgand) a bioactive agent to a patient 
ana/or treating a condition or disease in a patient. The methods of the present invention achieve unexpectedly super or 
results {e.g.. unexpectedly superior contrast and contrast enhancement) when gaseous precursor filled compositions 
are used as contrast agents, and when the gaseous precursor filled compositions are thermafly preactivated by heating 
to temperatures at or above the boiling point of the instilled gaseous precursor prior to the m vivo administration of the 
20 compositions to a patient. In particular, thermally preactivattng gaseous precursor filled compositions prior to m vr/c 
administration of the compositions to a patient profoundly enhances the acoustic activity of the compositions when 
diagnostic or therapeutic imaging >s applied. 

[0403] The methods of the present invention may be carried out by heating a composition comprising a gaseous 
precursor to a temperature at or above the boiling point of the instilled gaseous precursor, administering the thermally 

25 p reactivated gaseous precursor filled compos ft ton to a patient, and then scanning the patient using, for example ul- 
trasound, computed tomography, magnetic resonance imaging and/or other forms of diagnostic tmaging described 
herein or knewn in the art. to obtain visible images of an internal region of a patient and/or of any diseased tissue m 
that region The contrast medium may oe panicularly useful in providing images of tissue, such as myocardial, en- 
dothelial, and/or epithelial tissue, as well as the gastrointestinal, pulmonary and cardiovascular regions, but can also 

00 be employed mere broadly, sucn as in imaging the vasculature, or in other ways as will be readily apparent to one 
skilled in the art. 

[0404] The present invention also provides a method of diagnosing the presence of diseased tissue -n a patient. 
Diseased tissue includes, for example, endothelial tissue which results from vasculature that supports diseased tissue 
As a result, the localization and visualization of endothelial tissue to a region of a patient which under normal cecum- 
's stances is not associated with endothelial tissue provides an indication of diseased tissue in the region. The present 
rrethocs can also be used in connection with delivery of bioactive agents anct'or targeting ligands to internal regions 
of a patient. 

[0405] The amount of the gaseous precursor filled compositions of the present invention to be administered tc a 
patient depends, for example, on the method in which the compositions are being administered, and the age. sex 

40 weight and physical condition ol the patient. Generally, treatment is initiated with small dosages, which can then be 
increased by small increments, until the desired effect under the circumstances is achieved. For example, following 
the thermal preactivation methods of the present invention, the gaseous precursor filled compositions may be admin- 
istered to a patient at a dose of about 0 005 cc/Kg of body weiqht to about 0.2 cc/Kg of body weight, preferably frcm 
about 0.005 cc/Kg of body weight to less than about 0.1 cc/Kg of body weight, more preferably from about 0.005 ca 

~£ Kg of body weight to about 0.05 cc/Kg of body weight . The targeting aspects of the invention further enable lower 
dosages of the gaseous precursor filled compositions to be used for therapy, since the effective concentration of the 
compositions at the therapeutic site remains undiluted in the body. 

[0406] The gaseous precursor filled compositions of the invention may be administered to the patient by a variety of 
different means. The means of administration wilt vary depending upon the intended application. As one skilled in the 

50 art would recognize, administration of the compositions, stabilizing materials and/or vesicles of the present invention 
can be carried out in various fashions, for example, topically, including ophthalmic, dermal, ocular and rectal, intrare- 
ctal^, transdermal^, orally, tntraperitonealty. parenteraily. intravenously, intralymphatically. intratumorly. intramuscu- 
larly, interstitially. mtra-arterially. subcutanecusly. intraocularly. intrasynovialty. transepithelialfy. pulmonarily via inhala- 
tion, ophthalmically. sublingualis buccally. or via nasal inhalation via insufflation or nebulizatton. 

55 [0407] The stabilizing materials and/or vesicles of the present invention are preferably administered as an mfusicn 
"Infusion" refers to intravascular or intra-artenal administration at a rate of. tor example, less than about 1 cc/second. 
more preferaoly less than about 0 5 cc/second or less than about 30 cc/mtnute. even more preferably at about 0 1 ca 
minute to about 30 cc/minute most preferably at about 0. 1 cc/mmute to about 5 0 cc/mtnute varying the rate of infusion 
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,s also desirable. For example, infusion may initially oe started at a rate of about i 0 to about 4 0 cc/second foliowPd 
by a more sustained ,nf USl0 n rate of about 0 i ccsecond. The fast infusion rate initially achieves the optimal level -I 
the stab, zing material and/or vescle .n Che blood. wr,le the slow mfuwon rate ,s belter tolerated hemodynam,ca.iy ~ 
[0408] Ultrasound mediated targeting and drug release and activat.on us.ng the contrast agents, t.oactive agents 
anoor targeting l.gands of :he present mvent.on .3 advantageous for treating a variety of different diseases and medical 
conditions, such as au.o.mmune diseases, organ transplants, arthritis, and myasthenia grav.s. Following tne system.c 
aamm.sirat.on of the del.very vehicles tc a patient, ultrasound may then be applied to the affected tissue For arhnt s 
includmg synovial-oased inflammation arthm.s. such as rheumatoid arthritis, ultrasound may be applied to the .o.rts 
a fected by the c.sease. For myasthen.a gravis, ultrasound may be aool.ed to :he thymus. For transplant reaction 
ultrasound may be applied to the organ transplant, such as in a kidney transplant. 

[0409] For !op.cal applications, the compositions may be usee alone, may be m.xed w.tn one or mere solub.liz.nc 
agents or may be used with a delivery vehicle, and applied to the sk.n or mucosal memoranes Penetrating and/or 
solubil.zmg agents useful for topical application include, for example pyrrolidones such as 2-pyrrclidone N-rrothyi- 
2-pyrrol.dona. 1 -methyl-2.pyrrol.done. 5-methyl-2-pyrrolrdone. i -elhyl-2-pyrrohdone 2-pyrrol done-5-carbox y l,c ac.d 
N-hydroxyethylpyrrol.done. N-cyclohexylpyrrolioone. N-d.methylam.nopropylpyrrolidone N-cocalyklpyrrolidone N-tal- 
Icwalkylpyrrol.done. 1 -!auryf-2-pyrrolirione. and 1 -nyxyl-2-pyrrohdone: fatty acids such as oleic acid linoteic acic heo- 
tano.c acid capro.c acid, laur.c ac.d. stearic acid, octadeceno.c acid palmitole.c acid, mynstic acid and palmitelaid.c 
acid: sulfoxides such as d.methylsulfoxide. dimethylacetam.de. dimethylformam.de. N-methylformamide and decyl- 
methylsulfox.de: am.nes and derivatives such as N.N-diethyl-m-toluamide. dcdecylam.ne. etnoxylated aminp N N-bis 
(2-hydroxyethyl)oleylamine. dodecyl-N.N-dimethylammo acetate, sodium pryoglutaminate and N-hydroxyle'halaceta- 
mide: terpenes and terpenoids such asa-pinenes. d-Hmonene. 3-carene. a-terpireol. terpmen-4^1. careol abisabolol 
carvone. pulegone. p.pentone. menthone. fenchone. cyclohexene oxide, limonene oxide, pmene oxide cyclopentene 
oxide, ascandol. 7-oxabicycio ( 2.2. 1 )heptane. 1.3-c.neole. safrole. i -carvone. terpeno.d cyclohexanone der.vatives 
acyclic terpenehydrocarbon chains, hydrocarbon terpenes. cyclie ether terpenes. cardamom seed extract monoter- 
pene terp.neol and acetyl terpmeol: essential oils of eucalyptus, chenopodium and yang yiang surfactants such as 
anionicsodiumlaurylsuifate. phenylsulfurate CA. calc.umdodecyibenzene sulfonate, empicol ML23/F and magnes.um- 
lauryisulfate' c at ion ic^etyltnme thy (ammonium bromide: nonionic-synperonic NP series and PE series and the ooiys- 
orbates: zwfterionic-N-dodecyl-N.N-dimethylbetaine: alcohols such as ethanol. lauryl alcohol, linolenyl alcchol i -cc- 
tanol. 1 -propanol and 1 -bulanol. urea, cyclic unsaturated urea analogs, glycols, azone. n-alkanols. n-aJkanes org-lase 
alphaderm cream and water. The penetrat.ng/solub.lizing agents may or may not be .n a base wh.ch can be comoosea 
of various substances known to one skilled in the art. including, for example, glycerol, propylene glycol, isooropyi 
mynstate. urea in propylene glycol, ethanol and water, and polyethylene giycoi (PEG). 

[0410] Compositions formulated w.th penetration enhancing agents, known to one skilled in the art and describee 
abevo. may be administered transdermal^ in a patch or reservoir with a permeable membrane applied to the skin The 
use of ruptumg ultrasound may increase transdermal delivery of therapeutic compounds. Further, an imaging mecrv 
anism may be used to monitor and modulate delivery of the compostt.ons For example, diagnostic ultrasound may be 
used tc visually monitor the bursting of the gas filled vesicas and modulate drug delivery and/or a hydrophone may 
be used to detect the sound of the bursting of the gas filled vesicles and modulate drug delivery 
[041 1 ] The delivery of bioactive agents from the stabilizing materials of the present invention using ultrasound is best 
accomplished for tissues which have a good acoustic window for the transmission of ultrasonic energy. This is the case 
for most tissues in the body such as muscle, the heart, the lungs, the liver and most other vital structures. In the bram 
m order to direct the ultrasonic energy past the skull, a surgical window may be necessary. 

[041 2] The gaseous precursor filled vesicles of the present invention are especially useful for bioactive agents and/' 
or targeting ligands that may be degraded in aqueous media or upon exposure to oxygen and/or atmospheric air. For 
example, the vesicles may be filled with an inert gas for use with labile bioactive agents. Additionally, the gaseous 
precursor filled vesicles may be filled with an inert gas and used to encapsulate a labile bioactive agent and/or targeting 
ligand for use in a region of a patient that would normally cause the therapeutic to be exposed to atmospheric air. such 
as cutaneous and ophthalmic applications. 

[0413] The invention is useful in delivering bioactive agents to a patient's lungs. For pulmonary applications, dried 
or lyophilizeo powdered compositions may be administered via inhaler Aqueous suspensions cf liposomes, micelles 
or other vesicles, preferably gas/gaseous precursor filled, may be administered via nebulization. The thermally preac- 
tivated gaseous precursor filled compositions of the present invention are lighter than, for example, conventional liquid 
filled liposomes which generally deposit in the central proximal airway rather than reaching the periphery of the lungs 
Therefore, the gaseous precursor filled compositions of the present invention may improve delivery of a btoactive agent 
to the periphery of the lungs, including the terminal airways and the alveoli. For application to the lungs the compositions 
may be applied through nebulization. 

[041 4) in applications sucn as the targeting of the lungs, which are lined with lipids, the bioactive agent may be 
released upon aggregation of the compositions of the present invention with the lipids lining the targeted tissue Addi- 


SNSOOClO: <EP O0O1 793A1 j_> 


61 


EP0 901 793 A1 


tionally. the compositicns may durst after administration without :he jse ol ultrasound. Thus. ulirasoLnd need ^at ze 
applied to release :he drug m the above type of administration. 

[0415] It is a further embodiment of this invention m which ultrasound activation affords site specie deliver/ cf ;he 
bioactive agents. The gas and/or gaseous precursor filled stabilizing materials or vesicles are echogenic and visible 

5 on ultrasound. Ultrasound can be used to image the target tissue anc to monitor the drug carrying vehicles as :hey 
pass through the treatment region. As increasing levels of ultrasound are applied to the treatment region, this breaks 
apart the delivery vehicles and/or releases the drug within the treatment region With particular reference to prodrugs 
"release of the drug" includes: (1 ) the release of the prodrug from the delivery vehicle but not the release cf ihe drug 
from the linking group ana lipid or fluorinated moiety: (2) the release of the drug from rhe covalently bonded ! pia or 

'0 flucrinated mo;ety and/or the linking group, but not from the delivery venicte and (3) the release of the drug from octh 
the delivery vehicle and from the covalently bonded lipid or fluorinated moiety and/or the linking group 
[0416] Drug release and/or vesicle rupture can be monitored jltrasonically by several different mechanisms Subtle 
or vesicle destruction results in the eventual dissolution of the ultrasound signal. However, prior to signal dissotuticn 
the delivery vehicles/vesicles provide an initial burst of signal, in other words, as increasing levels of ultrasound energy 
are applied to the treatment zone containing the delivery vehicles or vesicles, there is a transient increase in signal 
This transient increase in signal may be recorded at tne fundamental frequency, the harmonic, odd harmonic or ultra- 
harmonic frequency. 

[041 7] Generally, the gaseous precursor filled compositions of the invention are administered in the form of an aque- 
ous suspension such as in water or a saline solution (e.g.. phospnate buffered saline). Preferably, the water is sterile. 
20 Also, preferably the saline solution is an isotonic saline solution, although, if desired, the saline solution may be hypo- 
tonic [e.g.. about 0.3 to about 0.5% NaCI). The solution may be buffered, if desired, to prcvide a pH range of about 5 
to about 7.4. Preferably, dextrose or glucose is included in the media. Other solutions that may be used for admin:s- 
tration of the compositions of the present invention include oils, such as. for example, almond oil. corn oil. cottonseed 
oil. ethyl oleate. isopropyl myristate. isopropyl palmitate. mineral oil. myristyl alcohol, cctyldodecanof. olive oil. peanut 
*s oil. persic oil. sesame oil. soybean oil. squalene and fluorinated oils. Accordingly, when reference is made :o heating 
the gaseous precursor filled compositions prior to administration to a patient, sucn heating p'9ferably includes heating 
the aqueous suspension, solution or milieu m which the gaseous precursor filled compositicns are contained. 
[0418] The size of the stabilizing materials and/or vesicles of the present invention will depend upon the intendec 
use. With smaller liposomes, resonant frequency ultrasound will generally be higher than for the larger liposomes. 
JO Sizing also serves to modulate resultant liposomal biodistribution and clearance. In addition to filtration, the size of the 
liposomes can be adjusted, if desired, by procedures known to one skilled in the art. such as shaking. microemuls;fi- 
cation. vortexing. filtration, repeated freezing and thawing cycles, extrusion, extrusion under pressure through pores 
of a defined size, sonication. homogenization. the use cf a laminar stream of a core of liquid introduced into an immis- 
ciblo shcatn of liquid. Extrusion under pressure through pores of donned size is a preferred method of adjusting the 
is size of the liposomes. See. for example. U.S. Patent Nos. 4.728.578. 4.728.S75. 4 737.323. 4.533.254. 4. 162 2=2 
4.310.505 and 4 g2L706: U.K. Patent Application GB 2193095 A: International Applications PCT/US8S/CnSl and 
PC T/U S3 9/0 5040: Mayer et a).. Biochimica et Biophysica Acta. 858 161-168 M986V Hope et al.. Biochimtca et Bio- 
physics Ac'a 812 55-65 (1985): Mayhew et at. Methods in Enzymoiogy, 14964.-77 (1 987) Mayhew et al. Bioctiimica 
al Biophysica Acta. 755 169-74 (1984): Cheng et al. investigative Radiology. 22A7 -55 (1987): and Liposomes Tech- 
no noiogy, Gregoriadis. ed.. Vol. I. pp. 29-37. 51-67 and 79-108 {CRC Press Inc. Boca Raton. FL. 1984). The disclosures 
of each of the foregoing patents, publications and patent applications are hereby incorporated by reference herein m 
their entirety. 

[041 9] Since vesicle size influences biodistribution. different size vesicles may be selected for various purposes. For 
example, for intravascular application, the preferred size range is a mean outside diameter between about 30 nm and 

J 5 about 10 nm. with the preferable mean outside diameter being about 5 nm. More specifically, for intravascular appli- 
cation, the size of the vescles is preferably about 10 urn or less in mean outside diameter, and preferably less than 
about 7 u.m. and more preferabfy less than about 5 u.m in mean outside diameter. Preferably, the vesicles are no smaller 
than about 30 nm m mean outside diameter. To provide therapeutic delivery to organs such as the liver and tc allow 
differentiation of tumor from normal tissue, smaller vesicles, between about 30 nm and about 100 nm m mean outside 

so diameter, are preferred. For embolization of a tissue such as the kidney or the lung, the vesicles are preferably less 
than about 200 jam m mean outside diameter. For intranasal, intrarectal or topical administration the vesicles are 
preferaoly ess than about 100 fim in mean outside diameter Large vesicles, between 1 and about 10 urn size, will 
generally be confined to the intravascular space until (hey are cleared by phagocytic elements lining the vessels, such 
as the macrophages and Kupffer cells lining capillary sinusoids. For passage to the cells beyond the sinusoids, smaller 

55 vesicles, for example, less than about 1 u.m in mean outside diameter e.g.. less than about 300 nm in size, may be 
utilized In preferred embodiments, the vesicles are administered individually, rather than embedded m a matrix, for 
example. 

[0420] For in vitro use such as ceil culture applications, tne gas filled vesicles may be added to the cells in cultures 
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anc then .ncubated. Subsequently some energy can be appoed to the culture media containing the ce-is and hccs-mes 
[042 1 J In carrying out the imag.ng methods of tne present mvention. :h S stabilizing materials and vesicle comoosmc- 
can be used alone, or ,n comb.nat.on with diagnostic agents, b-oactive agents, targeting licancs or other aaer's n- 
eluding exc.p.ents such as flavoring or coloring materia*, which are well known to one skilled .n the art 
0422] In the case of diagnostic applications, such as ultrasouno and CT. energy, such as ultrasonic energy. , s aopl,^ 
to at least a portion of the patient to image the target t-ssuc A visible image of an internal reg.on of he patent , s h^r 
ootamed. such that the presence or absence of diseased tissue can be ascertained. With respect to ultrasound ultra 
some imaging techniques, .ncluding second harmonic .mag.ng. and gated waging, are well known n the art and are 
™ ™ ° r eXamP ' 9 ' n Uhlendorl IEEE T ^nsacucns on Ultrasonics. Ferroelectncs. and Frequency Centre! i*nr 
70-79 (1994) and Sutherland, et al . journal of (he American Socsty of Echocardiography 7^5) 441-453 (iQOd) the 
disclosures of each of which are hereby incorporated he-em by Irenes in their entirety CT imag.ng technique's wh.ch 
are employed are conventional and are described lor example ,n Computed Body Tomography. Lee Saqel and 
Stanley, eds. 1 953. Ravens Press. New York. NY the d.sciosu-e of wh.ch , s hereby incorporated by reference herein 
in its entirety. " 

[0423] Ultrasound can be used for both diagnosis and therapeutic purposes. In diagnostic ultrasound ultrasounc 
waves or a train of pulses of ultrasound may be appl ed with a transducer. The ultrasound is generally pulsed rather 
than continuous, although it may be continuous, f desired Thus, diagnostic ultrasound generally involves the appli- 
cation of a pulse of echoes, after which, during a listening period the ultrasound transducer receives reflected signals 
Harmonics, ultraharmcn.es cr subharmcmcs may oe used "he second harmon.c mode may be beneficially employed 
•n wh.ch the 2x frequency .s received, wnere x is the incidental Tequency. This may serve :o decrease the signal frcrr 
the background material anc enhance the signal from the transducer us.ng the targeted contrast media of the presem 
mvent.on which may be targeted to the desired sue. for example blood clots Other harmon.c s.gnals such as ode 
harmon.es s.gnais. for example. 3x or 5x. would be similarly received using this method. Subharmon.c s.gnals lor 
example, x/2 and x/3. may also be received and processed so as to form an image. 

[0424] In addition to the pulsed method, continuous wave ultrasound, for example. Power Ooppier may be applied 
This may be panicularly useful where rigid vesicles, lor example, vestcles formulated from polymeihyl methacryiate 
are emoloyed. in this case, the relatively h.gher energy of the Power Ooppier may be made to resonate tn» vesicas 
anc thereby promote their rupture. This can create acoustic emissions which may be in the subharmomc or ultrahar- 
momc range or. in some cases. <n the same frequency as the applied ultrasouno. It ; S contemplated that there will be 
a spectrum of acoustic signatures released in this process and the transducer so employed may receive tie acoustic 
emissions to detect, for example, the presence of a clot. In addition, the process of vesicle rupture may be employe 
to transfer kinetic energy to tne surface, for example of a clot to promote clot lysis. Thus, therapeutic thrombolysis may 
be achieved during a combination of diagnostic and therapeutic ultrasound. Spectral Doppler may also be employed 
m general, the levels of energy from diagnostic ultrasound arc insufficient to promote the rupture of ves.ces and tc 
facilitate release and cellular uptake of the S.oaclive agents. As noted above, diagnostic ultrasound may involve the 
application of one or more pulses of sound. Pauses between pulses permits the reflected son.c signals to be rece.vec 
and analyzeo. The limited number of pulses used m diagnostic ultrasound limits the effective energy which .s del verec 
to the tissue :hat is being studied. 

[042S] Higher energy ultrasound, for example, ultrasound whicn is generated by therapeutic ultrasound equipment 
is generally capable of causing rupture of the vesicie composition in general, devices for therapeutic u Itrascund employ 
from about 10 to about 100% duty cycles, depending on the area of tissue to be treated with the ultrasound Areas of 
the body which are generally characterized by larger amounts of muscle mass, for example, the back and thighs, as 
well as highly vascularized tissues, such as heart tissue, may require a larger duty cycle, for example, up to about 1 00%. 
[04261 In therapeutic ultrasound, continuous wave ultrasound is used to deliver higher energy levels. For the rupture 
of vesicles, continuous wave ultrasound is preferred, although the sound energy may also be pulsed. If pulsed sound 
energy is used, the sound will generally be pulsed in echo tram lengths of from about 8 to about 20 or more pulses at 
a time. Preferably, the echo train lengths are about 20 pulses at a time. In addition, the frequency of the sound used 
may vary from about 0.025 to about 100 megahertz (MHz), in general, frequency for therapeutic uftrasound oreferably 
ranges between about 0.75 and about 3 MHz. with from about 1 and about 2 MHz being more preferred. In addition 
energy levels may vary from about 0.5 Wan (W) per square centimeter (cm*) to about 5.0 W/cm* with energy levels 
ol from about 0.5 to about 2.5 W.'cm* being preferred. Energy levels for therapeutic ultrasound involving hyperthermia 
are generally from about 5 W/cm* to abourSO W/cm2. For very small vesicles, for example, vestcles having a diameter 
of less than about 0.5 pm. higher Irequencies of sound are generally preferred because smaller vesicles are capable 
ol absorbing sonic energy more effectively at higher frequencies of sound. When very high frequencies are used, for 
example, greater than about 10 MHz. the sonic energy will generally penetrate fluids and tissues :oa limited depth 
only. Thus, external application of the sonic energy may be suitable for skin and other superficial tissues. However, it 
is generally necessary for deep structures to focus the ultrasonic energy so that it is preferentially directed within a 
focal ^one. Alternatively, the ultrasonic energy may be applied via interstitial probes, intravascular ultrasound catheters 


63 

9*500010: <£P 0901 7MA1 I » 


EPO 901 793 A1 


or endoluminal catneters. n addition to the therapeutic uses discussed above, the present compositions can ce em- 
ployed in connection with esophageal carcinoma or n the cororary arteries for the treatment of atherosclerosis. 3S 
well as the theraoeutic uses described, for example. mUS Patent No. 5.149 319. .he disclosure of Much is rereoy 
incorporated by reference herein in its entirety. 

5 (0427] A therapeutic ultrasound device may be used wntch emoloys two frequencies of ultrasound. The first 'requen-y 
rray be x. and the second frequency may be 2x. .n preferred form the device would be designed such that the focai 
zones of the first and second frequencies converge to a single focal zone. The focal zone of the device may then be 
directed to the targeted compositions, for example, targeted vesicle compositions, within the targeted tissue This 
ultrasound device may provide second harmonic therapy w-th simultaneous application of the x and 2x frequencies of 

'0 ultrasound energy It is contemplated that, in the case of 'jlirasound involving vesicles this second harmonic theraoy 
rray provide improved rupturing of vesicles as compared to ultrasound energy involving a single frequency. Also it is 
contemplated that "he preferred frequency range may reside within the fundamental harmonic frequencies of ihe ves- 
icles. Lower energy may also be used with this de«:ce An ultrasound device which may oe employed in ccnnecnor 
with the aforementioned second harmonic therapy is assented for example, m Kiawabata. et al.. Ultrasonics Sore- 

■'5 chemistry, 3: 1 -5 (1 996). the disclosure of which is hereby incorporated by reference herein n its entirety. 

[0428] For use in ultrasonic imaging, preferably, the vesicles of the invention possess a reflectivity of greater har 2 
dB. more preferably between about 4 dB and about 20 dB Within these ranges, the highest reflectivity for the vesicles 
of the invention is exhibited by the larger vesicles, by higher corcentrations of vesicles, and/or when higher Utrasouna 
frequencies are employed. 

20 [0429] For therapeutic drug delivery, the rupturing ol Ihe bioactive agent containing vesicle compositions and/or 
liposomes of the nvention is carried out by applying ultrasound of a certain frequency to the region of the patient where 
therapy is desired, after the compositions have been adminstered tc cr have otherwise reached that region, e.g.. via 
delivery with targeting iigands. Specifically, it has been found that when ultrasound is applied at a frequency corre- 
sponding to the peak resonant frequency of the bioactive agent containing gas filled vesicles, the vesicles will rupture 

-5 and release their contents. The peak resonant frequency can be determined either in vivoox m vitro, but preferably in 
vtvo. by exposing the compositions to ultrasound, receiving the reflected resonant frequency signals and analyzing the 
spectrum of signals received to determine the peak, using conventional means. The oeak. as so determined, corre- 
sponds to the peak resonant frequency, or second harmonic, as t is sometimes termed. 

[0430] Preferably, the compositions of the present invention have a peak resonant frequency of between about G 5 
JO and about 10 MHz. Of course, the peak resonant frequency of the gaseous precursor filled vesicles of the invention 
will vary depending on the outside diameter and : to some extent the elasticity cr flexibility of the liposomes, with the 
larger and more elastic or flexible liposomes having a lower resonant frequency than the smaller and less elastic or 
flexible vesic:es. 

[0431] The bioactive agent containing gas filled vesicles will also rupture when exposed to non-peak resonant fre- 

-?s quency ultrasound in combination with a higher intensity (wattage) and duration (time). This higher energy, however 
results in greatly increased heating which may rot be desirable By adjusting the frecuency of the energy to match the 
peak resonant frequency, the efficiency of rupture and release is improved, appreciable tissue heating does net gen- 
erally occur (frequently no increase in temperature above about 2"C) and less overall energy is required. Thus ap- 
plication of uitrasound at the peak resonant frequency, while not required, is most preferred 

J0 [0432] For diagnostic or therapeutic ultrasound, any of the various types of diagnostic ultrasound imaging devices 
may be employed in the practice of the invention, the particular type or model of the device not being critical to the 
method of the invention. Also suitable are devices designed for administering ultrasonic hyperthermia, such devices 
being described in U S Patent Nos. 4.620.546. 4.658.328. and 4 536 512. the disclosures of each of which are hereoy 
incorporated herein by reference in their entirety. Preferably, the device employs a resonant frequency (RF) spectral 

•*s analyzer The transducer probes may be applied externally or may be implanted. Ultrasound is generally initiated at 
lower intensity and duration, and then intensity, time, and/or resonant frequency increased until the vesicle is visualized 
on ultrasound (for diagnostic ultrasound applications) or ruptures (for therapeutic ultrasound applications). 
[0433] Althougn application of the various principles will be readily apparent to one skilled in the art. in view of the 
present disclosure, by way of general guidance, for gas filled vesicles of about 1.5 to about 10 u.m in mean outside 

50 diameter, the resonant frequency will generally be in the range of about i to about 1 0 MHz. By adjusting the focal zone 
to the center of the target tissue (e.g.. the tumor) the gas filled vesicles can be visualized under real time ultrasound 
as they accumulate within the target tissue. Using the 7 5 MHz curved array transducer as an example, adjusting the 
power delivered to the transducer to maximum and adjusting the focal zone within the target tissue, the spatial peak 
temporal average (SPTA) power will then be a maximum of approximately 5.31 mW/cm 2 in water. This power will cause 

55 some release of bioactive agents from the gas filled vesicles but much greater release can be accomplished by using 
a higher power. 

[0434] By switching the transducer to the doppier mode, higher power outputs are available, up to 2.5 w/cm 2 frcm 
the same transducer With the machine operating in doppier mode the power can be delivered to a selected focal zone 
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within the target tissue and the gas filled vesicles can oe made to release their contents, including b.oactive a-en-s 
Selecting the transducer to match the resonant frequency of the gas Mled vesicles will make this process ot release 
even more efficient. 

[0435] For larger diameter gas filled vesicles, e g.. greater than 3 urn in mean outside ciameter a lower 'requency 
transdLcer may be more effective in accomplishing therapeutic release. For example a lower frequency transdLcerof 
3 5 MHz (20 mm curved array model) may be selected to cor.-cspond to the resonant frequency of :he gas filled vesicles 
Using this transducer. 101 6 mW/cm2 may be delivered to the focal spot, and switching to doppler mode will increase 
the power output (SPTA) to 1 02 W/cm 2 

[0436] To use the phenomenon of cavitation to re ease anc/cr activate the bioactive agents within the gas fiilec 
stabilizing materials and/or vesicles, lower frequency energies may be used, as cavitation occurs mere effectively at 
lower frequencies Using a 0 757 MHz transduce-" driven with higher voltages (as high as 300 volts) cavitation of so- 
•utiors of gas-filled liposomes will occur at thresholds of about 5 2 atmospheres. 

[0437] The ranges of energies transmitted to tissues fron diagnostic ultrasound cn commonly used instruments .s 
knewn to one skilled in the art and described, for example by Carson et al. Ultrasound m Med 4 Biol.. J341 .350 
( 1 975). the disclosure of which is hereby incorporated here n by reference in its entirety. Commonly used mstrumerts 
for diagnostic ultrasound include the Piconics Inc. < Tyngsboro MA) Portascan general purpose scanner with receiver 
pulser 1966 Model 661: the Picker (Cleveland. OH) Echoview 9L Scanner including 30C System or the Medisomcs 
(Mountain View. CA) Model D-9 Versatone Bidirectional Ooppier In general, these ranges of energies employed in 
pulse repetition are useful for diagnosis and monitoring compositions but are insufficient to rupture the compositions 
ol the present invention. 

[0438] Either fixed frequency or modulated frecuency ultrasound may be used in diagnostic and therapeutic appli- 
cations. Fixed frequency is defined wherein the frequency of the sound wave is constant over time. A modulatec 
frequency is one in which the wave frequency changes over time, for example, from high to low (PRICH) or from low 
to high (CHIRP). For example, a PRICH pulse with an initial frequency of 10 MHz of sonic energy is swept to t MHz 
with increasing power from 1 to 5 watts. Focused, frequency modulated, high energy ultrasound may increase" the rate 
of local gaseous expansion within the compositions and rupturing to provide local delivery of therapeutics 
[0439] Where the gas or gaseous precursor filled stabilizing materials and/or vesicles are used for drug delivery, the 
bioactive agent to be delivered may be embedded within the wall of the vesicle, encapsulated in the vesicle and/or 
attached to the surface of the vesicle. The phrase "attached to" or variations thereof means that the bioactive'agent ts 
linked in some manner to the inside and/or the outside wall of the microsphere, such as through a covalent or ionic 
bond or other means of chemical or electrochemical linkage or interaction. The phrase "encapsulated in" or variations 
thereof means that the bioactive agent is located in the internal microsphere void. The phrase "embedded within" or 
variations thereof signifies the positioning of the bioactive agent within the vesicle wall(s) or layer(s). The phrase 'com- 
prising a bioactive agent" denotes all of tho varying types cf positioning in connection with the vesicle Thus, the bio- 
active agent can oe positioned variably, such as. for example entrapped within the internal void of the gas filled vesica 
situated between the gas and the internal wall of the gas filled vesicle, incorporated onto the external surface of the 
gas filled vesicle enmeshed within the vesicle structure itself and/or any combination thereof. The delivery vehicles 
may also be designed so that there is a symmetric or an asymmetric distribution of the drug both inside and outside 
of the stabilizing material and/or vesicle 

[0440] Any of a variety of bioactive agents, including those described herein, may be encapsulated in. attached tc 
ano/or embedded in the vesicles. If desired, more than one bioactive agent may be applied using the vesicles. For 
example, a single vesicle may contain more than one bioactive agent or vesicles containing different bioactive agents 
may be co-administered. In a preferred embodiment, the compositions of the present invention comprise a bioactive 
agent and a targeting ligand. By way of example, a monoclonal antibody capable of binding to melanoma antigen anc 
an oligonucleotide encoding at least a portion of 11-2 may oe administered at the same time. The phrase 'at least a 
portion of means that the entire gene need not be represented by the oligonucleotide, so long as the portion of the 
gene represented provides an effective block to gene expression. 

[0441 ] Genetic materials and bioactive agents may be incorporated into the internal gas filled space ol these vesicles 
during the gas installation process or into or onto the vesicle membranes of these particles. Incorporation onto the 
surface of these particles is preferred Genetic materials and bioactive agents with a high octanol/water partition co- 
efficient may be incorporated directly into the layer or wall surrounding the gas or incorporated onto the surface of the 
gas filled vesicles is more preferred. To accomplish this, groups capable of binding genetic materials or bioactive agents 
are generally incorporated into the stabilizing material layers which will tnen bind these materials. In the case of genetic 
materials, this is readily accomplished through the use of canonic lipids or cationic polymers which may be incorporated 
into the dried lipid starting materials. 

[0442] As discussed above, the gaseous precursor filled compositions of the present invention may be used m con- 
nection with diagnostic imaging, therapeutic imaging and drug delivery, including, for example, ultrasound (US) mag- 
netic resonance imaging f MRI) nuclear magnetic resonance fNMR) computed tomography (CT). electron spin reso- 
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nar.ce iESR). nucfear medical imaging, opucal imaging, elastcgraphy. drug delivery with ultrasound radiofrequen-y 
(RFy microwave laser anc the like. The gaseous precursor filled compositions of the present invention may be -.sec 
in combination with various contrast agents, mcludrng conventional contrast agents, wnich may serve to further increase 
their effectiveness as contrast agents for diagnostic ana therapeutic imaging. 

[0443] Examples of suitable contrast agents for use ir. combination with the present compositions include, for exam- 
ple, staole free radicals, such as. stable nitroxides. as well as compounds comprising transition, lanthamde ard actmide 
elements, which may. -f desired, be in the form of a salt or may be covalently or non^ovalently bound to complex.ng 
agents including lioopnilic derivatives thereof, or to prctemaceous macromolecutes. Preferable transition, lanthamde 
anc actmide elements include, for example. Gd(llh. Mndh. Cu(ll) Cr(Hl). F2(ll). Fe(lll). Codl) E'(NV Ni(in Eu(!lh and 
Dy(ltl) More preferably, the elements may be Gd,'IU) Mn ( m Cu(ll) Fe(ll) Fe(lll) E j(III) and Oy<llh most preferably 
Mntll),=ndGd(lli:. The foregoing elements may be in he form of a salt, including inorganic salts, such ss a manganese 
salt, for example, manganese chloride, managanese carbonate manganese acetate, and organic salts, such as man- 
ganese gluconate and manganese hydroxyiapante Other exemplary salts include salts of iron, sucn as iron suifiaes. 
and feme salts, such as ferric chloride. 

[0444] The above elements may also be bound, for example through covalent or nonccvalent association, to com- 
plexmg agents, including lipophilic derivatives thereof, or to protemaceous macromoiecules. Preferable complexing 
agents include, tor example, diethylenetnaminepentaacetc acid (DTPA) ethytenediamfnetetraacetic acid (EDTA) 
i .4.7. iO-tetraazacyclododecane*N.N'.N'.N"'-tetraacet'c acid (DOTA). i 4 7 lO-tetraazacyciododecane-N.NVN'-tnace- 
tic acid (DOTA). 3.S.9-triaza-l 2<>xa-3.6.9-tncarboxymethylene-i0-carboxy-l 3-phenyltridecanoic acid (B-1 90361. hy- 
droxybenzyleihylenediaminediacetic acid (HBEC). N.N'-bis(pyndoxyl-5-phosphate)ethyiene diamine N.N'-diacetate 
(DPDPi. i.4.7-iriazacyclononane-N. t N\N"-triacetic acid (NOTA). 1 .4.8.11 -tetraazacyclotetradecane-N.N'.N' N"- 
tetraacetic acid (TETA). kryptands (macrocyclic comotexes). and desfernoxamine. More preferably, the complexing 
agents are EDTA. OTPA. DCTA. 0O3A and kryptands. most preferably OTPA. Preferable lipophilic complexes include 
alkylated derivatives of the complexing agents EDTA. DOTA. for example. N.N'-bis-(cartJoxydecylamidomethyl-N- 
2.3-dihydrcxypropyl)ethylenedtamine-N.N'-diacetate iEDTA-DOP): N.N'-bis-tcarboxyoctadecylamidomethyl-N^^-di- 
hydroxypropyl)ethyienediamine-N.N'-diacetate (EDTA-ODP): and N.N'-Bis(camoxylauryiamidomethyi-N-2.3-dihy- 
droxypropyOethylenedtamme-N.N'-diacetate (EDTA-LDP): including those described in U.S. Patent No 5.31 2.5 1 7 the 
disclosure of which is hereby incorporated herein by reference in its entirety. Preferable protemaceous macromoiecules 
include, for example, albumin, collagen, polyarginme. polylysine. polyhistidme. y-globulin and fJ-globulin. with albumin 
polyarginine. polylysine. and poiyhistidine being more preferred. Suitable complexes therefore include Mni ll)-OTPA. 
Mn(ll)-EDTA. Mn(ll)-0OTA. Mn(ll)-0O3A. Mn(ll)-kryptands. Gd(lll)-DTPA. Gd(lll)-DOTA. Gd(lll)-0O3A. Gd(ll!)-kryp- 
tands. Cr(lll)-EDTA. Cu(ll)-EDTA. or iron -desfernoxamine. more preferably Mn(ll)-DTPA or Gd(lll)-0TPA. 
[0445] Nitroxides are paramagnetic contrast agents which increase both T1 and T2 relaxation rates on MP I by virtue 
of the prcsenco of an unpairod electron in the nitroxiac molecule. As known to one of ordinary skill tn the an. the 
paramagnetic effectiveness of a given compound as an MRl contrast agent may be related, at least Tn part, to the 
number of unpaired electrons in the paramagnetic nucleus or molecule, and specifically, to the square of the number 
of unpaired electrons. For example, gadolinium has seven unpaired electrons whereas a nitroxide molecule has one 
unpaired electron Thus, gadolinium is generally a much stronger MRl contrast agent than a nitroxide However ef- 
fective correlation time, another important parameter for assessing the effectiveness of contrast agents, confers po- 
tential increased relaxivity to the nitroxides. When the tumbling rate is slowed, for example by attaching the paramag- 
netic contrast agent to a large molecule, it will tumble more slowly and thereby more effectively transfer energy to 
hasten relaxation of the water protons. In gadolinium, however, the electron spin relaxation time is rapid and will limit 
the extent to which slow rotational correlation times can increase relaxivity For nitroxides. however the electron spin 
correlation times are more favorable and tremendous increases in relaxivity may be attained by slowing the rotational 
correlation time of these molecules. The gaseous precursor filled compositions of the present invention are ideal for 
attaining the goals of slowed rotational correlation times and resultant improvement in relaxivity. Although not intending 
to be bound by any particular theory of operation, since the nitroxides may be designed to coat the perimeters of the 
vesicles, for example, by making a Iky I derivatives thereof, the resulting correlation times can be optimized. Moreover, 
the resulting contrast medium of the present invention may be viewed as a magnetic sphere, a geometric configuration 
which maximizes relaxivity. 

[0446] Exemplary superparamagnetic contrast agents suitable for use in the compositions of the present invention 
include metal oxides and sulfides which experience a magnetic domain, ferro- or ferrimagnetic compounds, such as 
pure iron, magnetic iron oxide, such as magnetite. y~Fe 2 O y Fe : 0 4 manganese ferrite. cobalt fernte and nickel fernte 
Along with the gaseous precursors desenbed herein, paramagnetic gases can be employed in the present composi- 
tions, such as oxygen 17 gas ( ,7 0 2 ). hyperpolarized xenon, neon, or helium. MR whole body imaging may then be 
employed to rapidly screen the body, for example, for thrombosis, and ultrasound may be applied, if desired, to aid in 
thrombolysis. 

[0447] The contrast agents, such as the oaramagnetic and superparamagnetic contrast agents described above 
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may be employed as a component wiihm he compositions ol the oresent invention. With respect to vesicles :he 
contrast agents may be entrappeo witnin the internal void thereof, administered as a solution with the vesicles, incor- 
porated witn any additional stabilizing materials, or coated onto :he surface - membrane of the vesicle Mixtures of 
any one or more of the paramagnetic agents anc/or superparamagnetic age <n the present compositions may ce 
used. The paramagnetic and superparamagnetic agents may also be coadministered separately, if desired 
[0448] if desired, the paramagnetic or superparamagnetic agents may be delivered as alkylated or ether cenvatrves 
incorporated into the composttions. especially the hpidtc walls of the vesicles. In particular, the mtroxides 2 2.5.5-te- 
tramethyl-1-pyrrolidinyioxy free radical and 2-2.6.6-tetramethyt- 1 -pipendinyloxy free radical, can form adducts with 
long chain 'atty acids at the positions of the ring which are not occupied by the methyl groups via a variety of linkages 
including for example an acetyloxy linkage Such adducts are very amenable to incorporation into the lipid and;or 
vesicle compositions of the present invention 

[0449] The stabilizing materials and/or vesicles of the present invention, and especially the vesicles, may serve rot 
only as effective carriers of ;he superoaramagnetic agents described above, out also may improve the effect of the 
susceptibility contrast agents. Superparamagnetic contrast agents include metal oxides, particularly iron oxiaes but 
including manganese oxides, and as iron oxides, containing varyinq amounts of manganese, cobalt and nickel which 
experience a magnetic domain. These agents are nanoparticles or mtcroparticles and have very high bulk suscepti- 
bilities and transverse relaxation rates. The larger particles, for example, particles having diameters of about 100 nm 
have much higher R2 relaxivities as compared to R1 relaxivities. The smaller particles, for example, oarticles having 
diameters of about 10 to about 15 nm. have somewhat lower P2 relaxivities. but much more balanced A1 and P2 
values. Much smaller particles, for example, monocrystalline iron oxide particles having diameters of about 3 to about 
5 nm. have lower R2 relaxivities. but probably the most balanced Rt and R2 relaxation rates. Ferritin can aiso be 
formulated to encapsulate a core of very high relaxation rate superparamagnetic iron. It has been discovered that the 
compositions of the present invention, especially vesicle compositions, including gaseous precursor filled vesicles, can 
increase the efficacy and safety of these conventional iron oxice based MRI contrast agents. 

[0450] The iron oxides may simply be incorporated into the compositions of the present invention. Preferably, m the 
case of vesicles formulated from lipids, the iron oxides may be incorporated into the walls of the vesicles, for example, 
by being adsorbed onto the surfaces of the vesicles, or entrapped within the interior of the vesicles. 
[0451] Without being bound to any particular theory of operation, the compositions of the present invention increase 
the efficacy of the superparamagnetic contrast agents by several mechanisms. First, the compositions function tc 
increase the apparent magnetic concentration of the iron oxide particles. Also, the compositions increase the apparent 
rotational correlation time of the MRI contrast agents, including paramagnetic and superparamagnetic agents, so that 
relaxation rates are increased. In addition, the compositions appear to increase the apparent magnetic domain of the 
contrast medium according to the manner described hereinafter. 

[0452] Certain of the compositions of the present invention, and especially compositions formulated from lipids, may 
be visualized as flexible spherical domains of differing susceptibility from the suspending medium, including, for ex- 
ample, the aqueous suspension of the contrast medium or blood or other body fluids, for example, in the case of 
intravascular miection or injection into other body locations In ;he case of ferrites or iron oxide particles, the contrast 
provided by these agents is dependent on particle size, This phenomenon is common and is often referred to as the 
"secular" relaxation of the water molecules. Described in more physical terms, this relaxation mechanism is dependent 
upon the effective size of the molecular complex m which a paramagnetic atom, or paramagnetic molecule, or mole- 
cules, may reside. One physical explanation may be described in the following Solomon-8loembergen equations which 
define the paramagnetic contributions as a function of the T, and T 2 relaxation times of a spin nucleus with gyro- 
magnetic ratio g perturbed by a paramagnetic ion: 

1/T 1 M = (2/15) S(S + 1) y 2 gV/r 6 [3r c /(1 + co, 2 T, 2 ) + 
7t c /(1 + ^ 9 2 r s 2 )] + (2/3) S<S+ 1) A 2 /h 2 [t 0 /(1 + «,2t a 2 )| 


^rr 2 M = (1/1S) S(S *■ 1) y 2 g 2 p 2 /r 6 (4r c i- 3rc/<1 t-to, 2 r c 2 ) ► 
13t c /(1 - w s 2 r c 2 )| + (l/3)S(S+ l)A 2 /h 2 (r 0 /(1 > c^r/'.j 

where S is the electron spin quantum number: g is the electronic g factor: |J is the Bohr magneton: c>, and o s (657 w,) 
is the Larmor angular precession frequencies for the nuclear spins and electron spins: r is the ion-nucleus distance 
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A is the hyperfine coupling constant. r c and r e are the correlation times for :he dipolar and scalar interactions respec- 
tively: and-h s Planck's constant. 

[0453] A few large parties may have a much greater effect than a larger number of much smaller particles, primarily 
due to a larger correlation time. If one were to make the iron oxide particles very large however, increased toxicity may 
5 result, and the lungs may be embohzed or the complement cascade system may be activated. Furthermure. the to;ai 
size of the particle is not as important as the diameter of the particle at its edge or outer surface The domain of 
magnetization or susceptibility effect fails off exponentially from the surface of the particle. Generally, m the case of 
dipolar (through space) relaxation mechanisms, this exponential fall off exhibits an r* cependence for a paramagne:ic 
dipole-dipole interaction. Interpreted literally, a water molecule that is 4 A away from a paramagnetic surface will be 

•o influenced 64 times less than a water molecule that is 2 A away from the same paramagnetic surface The ideal situation 
in terms of maximizing the contrast effect would be to make the iron oxide particles hollow flexible and as large as 
possible It has not been possible to achieve this Heretofore and the benefits have been unrecognized heretofore 3y 
coating the inner or outer surfaces of the compositions, oarticuiarly vesicles. wi:h the contrast agents, even nough the 
individual contrast agents, for example, iron oxide nancparticles or paramagnetic ions are relatively small structures 

'3 the effectiveness of the contrast agents may be even further enhanced. In so doing, the contrast agents may function 
as an effectively much larger sphere wherein the effective domain of magnetization is determined by the diameter of 
the vesicle and is maximal at the surface of the vesicle. These agents afford the advantage of flexibility, namely, com- 
pliance. While rigid vesicles might lodge in the lungs or other organs and cause toxic reactions, these flexible vesicles 
slide through the capillaries much more easily. 

20 [0454] In contrast to the flexible compositions described above, it may be desirable, in certain circumstances, tc 
formulate compositions from substantially impermeable polymeric materials including, for examDte. polymethyl meth- 
acrylate. This wouid generally result in the formation of compositions which may be substantially rrpermeabie ano 
relatively inelastic and brittle, in embodiments involving diagnostic imaging, for example, ultrasound, contrast media 
which comprise such brittle compositions wouid generally not provide the desirable reflectivity that the flexible compo- 

25 sitions may provide. However, by increasing the power output on ultrasound, the brittle compositions, such as micro- 
spheres, can be made to rupture, thereby causing acoustic emissions which can be detected by an ultrasound trans- 
ducer. 

[0455] Nuclear Medicine Imaging (NMI) may also be used in connection with the diagnostic and therapeutic method 
aspects of the present invention. For example. NMI may be used to delect radioactive gases, such as Xe' 33 which 

30 may be incorporated in the gaseous precursor filled compositions. Such radioactive gases may be entrapped within 
vesicles for use in detecting, for example, thrombosis. Preferably. Afunctional chelate derivatives are incorporated in 
the walls of vesicies. and the resulting vesicles may be employed in both NMI and ultrasound. In this case, high energy, 
high quality nuclear medicine imaging isotopes, such as technetium 99 " or indium 111 can be incorporated in the walls 
ol vesicles. Wholo body gamma scanning cameras can thon be employed to rapidly localize regions of vosiclo uptaKo 

-?s m vivo. If des.red. ultrasound may also be used to confirm the presence for example, of a clot within the biood vessels, 
since ultrasound generally provides improved resolution as compared to nuclear medicine techniques. NMI may also 
be used to screen the entire body of the patient to detect areas of vascular thrombosis, and uftrasound can be apphec 
to these areas locally to promote rupture of the vesicles and treat the clot. 

[0456] For optical imaging, optically active gases, such as argon or neon, may also be incorporated in the gaseous 
*o precursor filled compositions of the present invention. In addition, optically active materials, for example, fluorescent 
materials, including porphyrin derivatives, may also be used. Elastography is an imaging technique which generally 
employs much lower frequency sound, for example, about 50 kHz. as compared to ultrasound which can involve fre- 
quencies of over 1 MHz. In elastography, the sound energy or vibratory energy is generally applied to the tissue ano 
the elasticity of the tissue may then be determined. In connection with preferred embodiments of the invention, which 
*s involve highly elastic vesicles, the deposition of such vesicles onto, for example, a clot, increases the local elasticity 
of the tissue and/or the space surrounding the clot. This increased elasticity may then be detected with elastography. 
If desired, elastography can be used in conjunction with other imaging techniques, such as MRI and ultrasound. 

Examples 

50 

[0457] The invention is further demonstrated in the following examples. Examples 1 -3 are actual examples, anc 
Examples 4 and 5 are prophetic examples. The examples are for purposes of illustration only and are not intended to 
limit the scope of the present invention. 

5 » Example 1 

[0458] Several vials were filled with i 5 ml of a lipid mixture comprising 82 mol% dipalmitoylphosphatidylchoiine 
f DPPCV 10 mol% dipalmitoylphosphatidic acid (OPPAt and 3 mol°« dipaimitoylphosphatidyletnanolamine-poiyethyiene 
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glycol 5.000 (OPPE-PEG-5000). The headspace was removed wih a vacuum pump and 10 al of perfluorcmethytou-yi 
ether was injected -nto the vial. Ferflucromethylbutyl ether has a toiling point of about 3S-36°C The vials were shaken 
for 50 seconds on an ESPE Capmix. 

[0459] Imagtng was conducted on an anesthetized dog (hereafter "the pat:ent"V The oerfluoromethyl-butyl ether 
filled lipid vesicles were diluted at 3 ml into a 100 ml saline bag at room temperature (about 25 a C).The dilution was 
infused -nto the patient's cephalic vein using a BioRad Econo-pump microprocessor controlled peristaltic pump The 
infusion was injected into the patient at a rate of 2 ml/mm. Imaging of the patient's heart was conducted using an 
Acoustic Imaging 520CS ultrasound machine. No contrast was visible. 

[0460J The experiment was repeated, except that the perflucromethylbutyl ether filled hoid vesicles were diluted at 
3 mi into a 100 ml saline bag that was placed in an incubator at a temperature of about 40°C The dilution jvas irfusec 
mtc the patient's cephalic vein using a BioRad Econo-pump microprocessor controlled peristaltic pump "he infusion 
was injected mto the patient at a rate of 2 ml/mm imaging of the patient's heart was conducted using an Acous:ic 
Imaging 5200S ultrasound machine. Excellent dense contrast imaging was observed. 

Examplo 2 


[0461] Several viats were filled with 1.5 ml of a lipid mixture comprising 32 mol% dipalmttoylphosphatidylchoiine 
(DPPC). lCmol%dtpalmitoytphosphatidicacid(OPPAiandamol°bdipaimitoylphosphatidylethanolamine-polyeihylene 
glycol 5.000 (DPPE-PEG-5000) The headspace was removed with a vacuum oump and 10 u.l of perfluoropentane 
was injected into the vial. Perfluoropentane has a ooiling point cf about 29.5 3 C The vials were snaken for 60 seconds 
with a Wig-L-Bug. 

[0462] Imaging was conducted on an anesthetized dog. The perfluoropentane filled lipid vesicles were diluted at G 
ml into a 1C0 ml saline bag at room temperature (about 25 9 C). The dilution was infused into the patient's cephalic vein 
using a BioRad Econo-pump microprocessor controlled peristaltic pump. The infusion was injected into the patient at 
a rate of 2 ml/mm. Imaging of the patient's heart was conducted using an Acoustic Imaging 5200S ultrasound machine 
No contrast was visible. 

[0463] The experiment was repeated, except that the perfluoropentane filled lipid vesicles were diluted at 3 mi ir?c 
a 100 ml saline bag that was placed in an incubator at a temperature of about 40 a C. The dilution was infused into the 
patient's cephalic vein using a BioRad Econo-pump microprocessor controlled peristaltic pump. The infusion was in- 
jected into the patient at a rate of 2 ml/mm. Imaging of the patient's heart was conducted using an Acoustic Imaging 
52G0S ultrasound machine. Excellent dense contrast imaging was observed. 

Example 3 


•5 [0464] GPflbllla bmctng peptice {Integrated Biomolecule Corporation. Tucson. AZ) was covalently bonded to DPP=- 
PEG 3-00 toproduce DPPE-PEG-Lys-Gln-Ala-Gty-Asp-Val. as Allows. To a cooled (0 to 5'C) solution of chlorosulfonyl 
isocyarate ( 14 2 mg) in CHCI 3 (5 mL) was added a solution of co o'-dimelhylenecarbcxy-polyethylene glycol (0 34 g) 
anc tnethylamine (20 mg) in CHCI 3 (20 mL). The reaction mixture was stirred overnight and poured into ice water The 
organic layer was isolated and dried (NaS0 4 ). Filtration and concentration of the organic layer in vacuo y elded the 

J o title anhydride compound as a white solid {0.2 g). 

[0465] To a cooled (0 to 10*C) solution of the above anhydride compound (0.3 g) in CH 2 CI 2 MO mL) was added a 
solution of DPPE (0.07 g) and triethylamine (0.05 g) in CH 2 Cl 2 (15 mL). The resulting reaction mixture was stirrec 
overnight, poured into ice water and neutralized with 10% HCl to a pH of less than 3. The organic layer was isoiatea 
and dried (NaS0 4 ). Filtration and concentration of the organic layer in vacuo provided 0.45 g of DPPE-if>-carboxy-PEG 

■*5 as a dark white solid. 

[0466] To a cooled (0 to 5*C) solution of DCC (3 mg) in acetonitrile (2 mL) was added a solution of DPPE-oj-carboxy- 
PEG from Step 8(60 mg). N-hydroxy-succintmide {1.9 mg) anddimethylaminopyndine {0.2 mg) in acetonitrile (6 mL). 
The resulting mixture was stirred for 3 hours at 0 to 5'C and then overnight at room temperature. The solid which 
formed was removed by filtration and the filtrate was concentrated in vacuo to provide 60 mg of DPPE-co-tc-carboxy- 
so PEG-succinimide. 

[0467] To a cooled (0 to 5'C) solution of Lys-Gln-Ala-Gly-Asp-Val (5 mg) in a buffer solution at pH 3.5 was added 
droowise OPPE-i-j-carboxy-PEG-succmimide {40 mg) in acetonitrile {10 mL). The resulting mixture was stirred at room 
temperature for about 48 hours. The acetonitrile was removed in vacuo, and the mineral salt was dialyzed out through 
a membrane having a molecular weight cutoff of 1000. Lyophilization afforded 35 mg of OPPE-PEG-Lys-Gln-Ala-Gly- 
Asp-val as a white solid. 

[0466] This peptide conjugate (DPPE-PEG-Lys-Gln-Ala-Gly-Asp-val) was then combined with a dried lipid mixture 
of S2 mole °'o DPPC. 3 mol% DPPE-PEG5000 and 10 mol% OPPA. This mixture was hydrated and lyophilized on a 
Lafcconco Lyph-Look 1 2 lyophiliZ9r ( Kansas City. MO) The lyophili*«d material was resuspended 'n 3 M normal saline 
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prooyfene glycol glycerol si a concentration of 1 mg/ml. Ahqucts of this mixture were placed into 2 ml Wheaton v^is 
(Millville. NJ). capped and the headspace replaced with perfluoromethylfcutyl ether (Flura. Newport. TN) The viais 
were agitated to provide a vesicle composition targeted to the GPHollla receptor (hereafter -thrombus-targeting contrast 
agent"). 

[0469] A thrombus was created by placing a guidewire into the femoral artery of a dog. Thrombin -soaked cotton 
threads were attacned to the gutdewiro to serve as a structure ror clot formation. The threads were -eft in place tor 3C 
minutes before the thrombm-targetmg contrast agent was iniected. 3 ml of -he thrombus-targeting contrast ager-t con- 
taining perfluoromethylbutyl ether was added to '00 ml of 40°C ore-heated saline and infused into the dog at a rate 
of about 2.0 cc/mir.ute Using ultrasound imaging, a brilliant contrast illuminated the region around the clot. 
[0470] The experiment was repeated, except that the saline was maintained at room temperature (e q. about 25*0 
Using ultrasound imaging, no clot binding could be observed. 


Example 4 


[0471] The material of Example 1 is placed into a heated saline bas as descrioed in Example t The tubmq exitmc 
the bag is placed beneath a sonication horn (Heat Systems Probe. Farmingdale. NY) at 6C kHz. power :evel setting 
#1 ana infused into a patient, as described herein. An acoustical couplant gel is used to ensure good coupling of the 
sonicator hom with the tubing. The purpose of the sonication is to more completely activate the gaseous precursor, as 
well as to evenly size the bubbles. Particle sizing of the bubbles after passage through the in-line sonicator shows 
increased bubble count and descreased mean diameter with no appreciable bubbles over 10 microns In diameter 

Example 5 

[0472] The material of Example 2 is used as described in Example 2 except that a continuous wave ultrasounc 
transducer 1 MHz at 0.5 watts/cm 2 , is applied to the tubing just proximal to the angiocath which enters the patient. 
The tubing infusing the contrast agent into the patient is emoedded in agar gel and the transducer is applied to me top 
ol the gel containing the tubing. Ultrasound is applied continuously during the infusion. The result is better activaticr 
of the precursor and uniform bubble size, with no appreciable buobles over 10 microns in diameter 
[0473] The disclosure of each patent patent application and publication cited or described in this document is hereoy 
incorporated by reference herein in its entirety. 

[0474] Various modifications of the invention, in addition to those described herein, will be apparent to one skilled m 
the art from the foregoing description Such modifications are also intended to fail within the spirit and scope of the 
appenced claims. 


Claims 

1. A method of providing an image of a region of a patient comprising: 

heating a composition comprising a gaseous precurscr ;o a temperature at or above the boiling point of the 
gaseous precursor, wherein the gaseous precursor is a fluorinated compound: 
administering the composition to the patient: and 

scanning the patient using diagnostic imaging to obtain visible images of the region of the patient. 

2. The method of claim 1 . comprising heating the composition to a temperature above the boiling point of the gaseous 
precursor. 


3. The method of claim 1 . wherein the composition is administered to the patient as an infusion. 

4. The method of claim 3. wherein the composition is administered to the patient as an infusion at a rate of less than 
about l cc/second. 


S. The method of claim i. wherein the diagnostic imaging is ultrasound imaging, 
55 6. The method of claim 1 . wherein the composition -s m the form of a vesicle. 
7. The method of claim 1 . wherein the composition ;s non-vesicular. 
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8. The method of claim i wherein the composition -urther comonses a stabilizing material 

9. The method of claim 3. wherein the stabilizing material is a lipid, a polymer or a protein 

10. The method of cla;m 9. wherein the stabilizing material is a lipid. 

11. The method of claim 3. wherein the stabilizing material is a surfactant. 

12. The method of claim 11. wherein the surfactant is a fluonnated surfactant. 

13. The method of claim t. wherein the fluonnated compound is sulfur hexafluoride. a perfluorocarbon or a perfluor- 
oether 

1 4. The method of claim 1 3. wherein the fluonnated compound s a perfluorocarbon selected from the grouo consisting 
of perfluoromethane. perfluoroethane. perfluorooropane. perfluorocyclopropane. perfluorobutane. perfluorocy- 
clooutane. perfluoropentane. perfluorocyclopentane. perfluorohexane and perfluorocyclohexane 

1 5. The method of claim 1 3. wherein the fluonnated compound is a pert lucroether selected from the grouo consisting 
of perfluorotetrahydropyran. perfluoromethyltetrahydrofuran. perfluorobutylmethy) ether, perfluoropropylethyl 
ether, perfluorocyclobutylmethyl ether, perfluorocyclopropylethyl ether, perfluoropropylmethyl ether, perfluorodie- 
thyl ether, perfluorocycloprooylmethyl ether perfluorometliylethy; ether and perfluorooi methyl ether. 

16. The method of claim 13. wherein the fluonnated compound is selected from the group consisting of perfluoropro- 
pane, perfluorobutane. perfluoropentane. perfluoronexane and perflucromethylbutyl ether. 

17. The method of claim 1 wherein the composition further comonses a fluonnated liquid. 

18. The method of claim 17. wherein the fluonnated liquid is selected from the grouo consisting of perfluoroheptare 
perfluorcoctane. perfluorononane. perfluorodecane. perfluorododecane. perfluorodecalin. perfluorododecalm. 
perfluorooctyliodide. perfluoroocty I bromide, p e rfl uo rotrip ropy lam me, perfluorotributylamine. perfluorcbutylethyi 
ether, bis(perfluoroisopropyl) ether and his(perfluoropropyl) ether 

19. The method of claim 1 . wherein the composition further comonses a targeting ligand. 

20. The method of claim 19 wherein the targeting iigand is selected from the group consisting of proteins, peptides 
and sacchar des. 

21. A method of diagnosing the presence of diseased tissue in a patient comprising: 

heating a composition comprising a gaseous precursor to a temperature at or above the boiling point of the 
gaseous precursor, wherein the gaseous precursor is a ftuorinated compound: 
administering the composition to the patient: and 

scanning the patient using diagnostic imaging to obtain a visible image of any diseased tissue in the patient. 

22. The method of claim 21 comprising heating the composition to a temperature above the boiling point of the gaseous 
precursor. 

23. The method of claim 22. wherein the composition is administered to the patient as an infusion. 

24. The method ol claim 23. wherein the composition is administered to ;he patient as an infusion at a rate of less 
than about 1 cc/second. 

25. The method of claim 21. wherein the diagnostic imaging is ultrasound imaging. 

26. The method of claim 21. wherein she composition is in the form of a vesicle. 

27. The method of claim 21. wherein the composition is non -vesicular. 
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28. The method of claim 21. wherein :hs composition further comprises a stabilizing material 

29. The method of claim 23. wherein :he stabilizing material is a liptd. 3 polymer or a orotein. 

30. The method of claim 29. wherein :he stabilizing material is a lipid. 

31. The method of claim 23. wherein the stabilizing material is a surfactant. 

32. The method of claim 31 wherein the surfactant is a fluonnated surfactant. 

33. The method of claim 21. wherein the fluorinated compound is sulfur hexaflucride. a perfluorocarbon or a perfluor- 
oether. 

34. The method of claim 33. wherein the fluonnated compound is a perfluorocarbon selected from the grouo consisting 
of perfluoromethane. perfluoroethane. perfluoiooropane. perfiuorocyclopropane. perfluorobutane. perfluorocy- 
clooutane. perfluoropentane. perfiuorocyclopentane. perfluorohexane and perfluorocyclohexane. 

35. The method of claim 33. wherein (he fluonnated compound is a perflucroether selected from the grouo consisting 
of perfluorotetrahydropyran. perfluorometnyltetrahydrofuran. perfluorobutylmethyl ether, perfluoropropylethyl 
ether, perfluorocyclobutylmethyl ether, perfluorocyctopropytethyl ether, perfluorcpropylm ethyl ether perfluorodie- 
thyl ether, perfluorocyclopropylmethyl ether perfluoromethylethyl ether and perfluorodimethyl ether 

36. The method of claim 33. wherein the ffuonnated compound is selected from the group consisting of perftuoropro- 
pane. perfluorobutane. perfluoropentane. perftuoronexane and perfluoromethylbutyf ether 

37. The method of claim 21 . wherein [he composition further comprises a ftuorinated liquid. 

38. The method of claim 37. wherein the fluorir.ated liquid is selected from the group consisting of perfluoroheptare. 
perfluorooctane. perfluorononane. perfluorodecane. perfluorododecane. perfluorodecaiin. perfluorododecalm. 
perfluorcoctyliodide. perfluoroocty I bromide, perfluorotripropylamine. perfluorotributylamine. perfluorcbutylethy; 
ether, bts(perfluoroisopropyl) ether and bis(perfluoropropyl) ether. 

39. The method of claim 21. wherein the composition further comprises a targeting ligand. 

40. The method of claim 39 wherein the targeting ligand is selected from the group consisting of proteins, peptides 
and saccharides. 

41 . A method of delivering a bicactive agent to a patient comprising; 

heating a composition compnsing a bioactive agent and a gaseous precursor to a temperature at or above 
the boiling point of the gaseous precursor, wherein the gaseous precursor is a fluonnated compound: 
administering the composition to the patient. 

42. The method of claim 41 . comprising heating the comoosition to a temperature above the boiling point of the gaseous 
precursor. 

43. The method of claim 41 . further comprising imaging the patient to monitor the location of the composition. 

44. The method of claim 41. further comprising conducting ultrasound imaging on the patient to facilitate delivery of 
the bioactive agent. 

45. The method of claim 41. wherein :he composition is administered to the patient as an infusion. 

46. The method of claim 45. wherein the composition is administered to the patient as an infusion at a rate of less 
than about 1 cc/second. 

47. The method ol claim 41 . wherein the composition is in the form of a vesicle. 


72 

8MSOOCI0: <£P_090l793At J_» 


EP0 901 793 A1 


48. The method of claim 4t wherein :he composition is ncn -vesicular. 

49. The method of claim 4 1 . wherein :he composition f jrther comprises a stabilizing material. 

50. The method of claim 49. wherein :he stabilizing material is a lipid, a polymer or a orotein 

51. The method of cla»m 50. wherein :he stabilizing material is a lipid. 

52. The method of claim 49. wherein :he stabilizing material is a surfactant. 

53. The method of claim 52. wherein the surfactant is a fluonn^tod surfactant. 


54. The method of claim 41 wherein the fluormated compound is sulfur hexafluoride. a perfluorocarbon or a perfluor- 
oether. 

55. The method of claim 54. wherein the fluorinsted compound s =i perfluorocarbon selected from the grouo consisting 
of oerfluoronethane. perfluoroe thane, perfluorooropane perfluorocyclopropare. perfluorobutane. perfluorocy- 
clooutane. perfluoropentane. perfiuorocyclopentane perfluorohexane and perfluorocyclohexane. 

56. The method of claim 54. wherein the fluormated compound .s a perflucroether selected from the grouo consisting 
of perfluorotetrahydropyran. perfluoromethyltetrahydfofuran. perffuorobutylmethyt ether, perfluoropropyleihyl 
ether, perfluorocylobutylmethyl ether, perfluorocyclcpropylethyl ether, perftuoropropylmethyl ether, oerfluorodiethyl 
ether, perfluorocyclopropylmethyl ether, perfluorcmethylethyl ether and perfluorodimethyi ether. 

57. The method of claim 54. wherein the fluormated compound is selected from the group consisting of perfluoropro- 
pane. perfluorobutane. perfluoropentane. perfluoronexane and perflucromethylbutyl ether. 

58. The method of claim 41 wherein :he composition further comprises a fluormated liquid. 

59. The method of claim 53. wherein the fluorinated liquid is selected from the group consisting of perfluoroheptare. 
perfluorooctane. perfluorononane. perfluorodecane. perfluorododecane. perfluorodecalin perfluorododecahn. 
perfluoroocty I iodide, perfluorooctylbromide. perfluorotripropylamine. perfluorotributylamine. perfluorcbutyiethyi 
ether. bis{perfluoroisopropyl) ether and bis(perfluoropropyl) ether 

60. The method of claim 41 . wherein :he composition f jrth9r comprises a targeting ligand. 

61. The method of claim 60 wherein the targeting ligand is selected from the group consisting of proteins peptides 
and saccharides 


62. The method of claim 41 wherein the bioactive agent is a prodrug. 

63. The method of claim 41 . wherein the bioactive agent is selected from the group consisting of antineoplastic agents, 
blood products, biological response modifiers anti-fungal agents hormones, steroids, vitamins, peptides, peptide 
analogs, enzymes, anti-allergenic agents, anti-coagulation agents, circulatory agents, anti-tubercular agents, anti- 
viral agents, anti-anginal agents, antibiotics, anti-inflammatory agents, analgesics, anti-protozoan agents, anti- 
rheumatic agents, narcotics, cardiac glycoside agents, chelates, neuromuscular blocking agents, sedatives, locai 
anesthetic agents, general anesthetic agents, radioactive particles, radioactive ions. X-ray contrast agents, mon- 
oclonal antibodies polyclonal antibodies and genetic material. 

64. The method of claim 63. wherein the bioactive agent is genetic material selected from the group consisting of a 
nucleic acid. RNA. ONA. recombinant RNA. recombinant CNA. antisense RNA. antisense DNA. hammerhead 
RNA. a ribozyme. a hammerhead ribozyme. an antigene nucleic acid, a nbooligonucleotide. a deoxynbooiigonu- 
cleotide. an antisense nbooligonucleotide. and an antisense deoxyribooligonucleotide. 
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